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X  HE  Authors  of  Original  Papers  in  the  present  Volume, 
are  Mr.  John  Gough;  Rev.  Jonathan  Wilson;  E.  O.;  Mr. 
Wilson;  Amicus;  Mr.  G.  B.  Greenough ;  Hon.  Robert 
Clifford;  A.  A. ;  Mr.  William  Irvine;  James  Thompson, 
M.  D. ;  Mr.  J.  Dalton;  J.  P. ;  Sir  Plenry  C.  Englefield, 
Bart.  F.  R.  S. ;  Thomas  Young,  M.  D.  E.  R.  S. ;  Mr.  John 
Antis;  Ra.  Thicknesse,  Esq.;  R.  B ;  H.  G.;  Mr.  William 
Henry  ;  James  Malton,  Esq.;  Mr.  A.  G.  Theolden;  Mr.  W. 
Boswell ;  Alexander  Marcet,  M.  D. ;  Mr.  Timothy  Shel¬ 
drake;  Mr.  Ezekiel  Walker;  C.  Wilkinson,  Esq. ; .  Mr. 
Charles  Sylvester;  A  Correspondent;  Mr.  Edward  Trough- 
ton  ;  W,  Jessop,  Esq.;  C.L. ;  Thomas  Harrison,  Esq.  - 

Of  Foreign  Works,  H.  Beaupoil;  Count  Apollos  de 
Moussin  Poushkin;  Abbe  Buee  ;  Abbe  Hauy ;  Rome  de 
LTsle;  M.  Maunoir ;  Huber;  Professor  Veau-de-Launay ; 
Cit.  Curadau;  Michael  de  Grubbens;  Professor  Prevost;  M. 
Seguin ;  M.  Vauquelin;  C.  L.  Morozzo;  M.  Parmentier ; 
B.  G.  Sage;  R.  Prony  ;  Bucholz ;  J.  H.  Hassenfratz;  W. 
D’Hesinger  and  J.  B.  Berglius;  Bode;  Professor  Proust; 
Tromsdorff;  Strauss. 

And  of  English  Memoirs,  abridged  or  extracted;  Charles 
Hatchett,  Esq.  F.  R.  S. ;  Benjamin  Count  of  Rumford, 
V.  P,  R.  S.  See. ;  Thomas  Young,  M.  D.  F.  R.  S. ;  Mr. 
John  Prior ;  Sir  J  ames  Flail,  Bart.;  Mr.  W.  Bowler;  Mr. 
Thomas  Willis. 

Of  the  Engravings  the  Subjects  are,  1.  Two  Plates  of  Ap¬ 
paratus  for  Experiments  on  Fleat ;  by  Count  Rumford.  2. 

A  new 
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A  new  Electrical  Instrument,  by  Mr.  Wilson.  3.  New  Fil¬ 
tering  Apparatus,  by  Professor  Parrot.  4.  Original  Blow¬ 
pipe,  by  the  Abbe  Melograni.  5.  Apparatus  for  Filtration, 
by  Sir  H.  C.  Englefield,  Bart,  &:c.  F.R.S.  6.  Stru&ure  for 
purifying  an  entire  Stream  of  Water.  7.  Very  simple  striking 
Part  of  a  Clock,  by  Mr.  Prior.  8.  An  Instrument  for  count¬ 
ing  the  Number  of  Draughts  from  a  Mine,  by  Mr.  Antis. 
9.  An  Inftrument  for  delineating  in  Perspe&ive.  10.  Cheap 
Apparatus  for  drawing  Ovals.  1 1.  Sketch  of  Mr.  Malton’s 
Method  of  making  very  large  Port-folios  for  Drawings  and 
Prints.  12.  A  Lamp  for  burning  Tallow,  by  Mr.  J.  W. 
Boswell.  13.  An  Evaporating  Furnace,  by  Curadau.  14. 
A  Gripe  for  the  Safety  of  Carriages,  by  Mr.  Bowler.  15.  A 
perpetual  First  Mover.  16.  A  new  Parallel  Rule.  17.  A 
new  Compensation  Pendulum,  by  Mr.  Edward  Troughton^ 
18.  An  Instrument  for  measuring  the  Absorption  of  Gases, 
by  Morozzo.  19.  Diagram  to  explain  the  Galvanic  Energy 
upon  Water,  by  C.  Wilkinson,  Esq.  20.  Two  Plates  exhi¬ 
biting  a  Condenser  of  Force,  by  which  the  A£tion  of  a  vari¬ 
able  First  Mover  is  converted  into  a  constant  Pressure,  by 
Prony. 
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Letter  from  Mr.  John  Gough,  containing  a  Narrative  of fome 
left  common  Effects  of  Lightning,  by  the  Rev.  Jonathan  Wil* 
son,  and,  Remarks  by  the  Communicator . 


SIR, 


Middlejhaw,  Aug,  13,  1804. 


I  HE  following  is  a  copy  of  a  letter  which  I  lately  received 
from  the  Rev.  Jonathan  Wilfon,  Vicar  of  the  parilh  of  Bid- 
dulph,  in  Staffordfhire.  The  fa6ts  and  remarks  contained  in 
it,  may  prove  acceptable  to  many  of  your  philofophicai 
readers,  as  well  as  to  myfelf;  and  by  giving  it  a  place  in  your 
Journal,  you  will  oblige 

JOHN  GOUGH. 

Congleton,  Aug.  1,  1804. 

THE  following  circumffance  induced  me  to  defer  my  reply  Stroke  of  light- 

to  your  letter  for  a  few  days:  On  the  15th  ult.  I  was  informed  ^gm  aplain 
.  J  ...  field,  affecting  a 

in  my  way  to  church,  by  the  farmer  of  Biddulph  Hall,  that,  circle  of  20  yards 
on  the  7th,  the  lightning  flruck  a  plain  arable  field  of  his, in  <iiameter’ 
which  he  ufes  at  prefent  for  a  cow  palfure.  I  went  with  him, 
and  found  that  the  ele6tric  fluid  had  killed  the  tops  of  the  taller 
thif!le<,  in  a  circle  of  about  twenty  yards  in  diameter  j  but 
Vol.  IX. — September,  1804.  B  the 
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ON  LIGHTNING. 


Probability  of  a 
ftone  having 
fallen  from  the 
atmofphere. 


On  examination 
none  was  found. 


the  herbage  and  fmall  thirties,  no  higher  than  the  grafs,  did 
not  appear  to  have  been  tinged  at  all.  Thofe  in  the  centre, 
for  about  three  yards,  feemed  much  lefs  injured  than  thofe 
nearer  the  circumference.  In  two  places  the  foil  was  turned 
up,  a  few  feet  in  length  and  an  inch  or  two  in  depth  ;  and 
where  the  ground  ceafcd-to  be  broken  up,  one  might  perceive 
that  the  lightning  had  glanced,  with  feveral  ramifications, 
along  the  furface,  but  under  the  long  grafs,  leaving  a  track, 
fuch  as  moles  and  mice  fomefimes  make.  In  one  place,  wdiere 
the  impreflion  made  upon  the  foil  was  deepeft,  and  fomewhat 
refembled  the  letter  V,  a  rtraight  round  hole  appeared  at  the 
angle,  which  was  about  two  feet  deep,  and  about  three  inches 
in  diameter. 

After  I  had  left  the  place,  it  occurred  to  me  that  this  hole 
might  have  been  produced  by  a  ftone  falling  from  the  clouds, 
a  phenomenon  which  has  lately  caufed  much  fpeculation. 
The  more  I  thought  of  this,  the  more  probable  it  feemed. 
The  hole  was  round  and  perpendicular,  at  no  great  dirtance 
from  the  end  of  the  barn,  and  a  tall  tree  was  alfo  near  the 
place;  either  of  which  was  more  likely  to  attraft  the  light¬ 
ning  than  the  plain  field.  A  very  lofty  tower,  which  was 
flruck  a  few  years  ago,  was  about  three  times  the  difiance  of 
the  tree.  The  thunder  was  not  fo  loud  as  when  the  tower  was 
flruck,  but  the  fmell  of  fulphur  w'as  much  fironger.  Thefe 
confiderations  determined  me  to  return  the  tirfi  opportunity 
and  examine  the  place  more  thoroughly. 

From  one  caufe  or  other  I  could  not  do  this  conveniently 
before  yefierday  evening,  when  the  farmer  and  his  fon  very 
obligingly  wrent  with  me,  and  dug  a  circular  pit  about  four 
feet  in  diameter,  having  the  hole  in  its  centre.  At  the  depth 
of  twro  feet  they  came  at  a  fhivery  rock  of  grit,  in  which  I 
hoped  to  find  the  expeded  ftone  imbedded  ;  but  when  the  foil 
was  cleared  away  level  w  ith  the  bottom  of  the  hole,  there  was 
no  fuch  thing;  nothing  appeared  but  fmall,  oblong,  flat  pieces 
of  gritftone,  through  the  moift  crevices  of  which  the  electric 
lluid  probably  efcaped.  Though  difappointed  in  the  principal 
part  that  I  hoped  to  communicate,  I  refolved  to  fend  you  the 
above,  as  1  think  the  lightning  very  teldom  defeends  fo  far  into 
folid  ground,  unlefs  when  guided  by.  fome  particular  conduc¬ 
tor,  If  the  account  afford  you  any  information  or  amufement, 

i  tiiaii 
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ON  LIGHTNING. 


I  fliall  be  glad ;  and  thould  the  fubjeft  merit  any  of  your 
queries,  they  will  be  received  with  pleafure  by 

Your  humble  fervant, 

JONATHAN  WILSON. 

Remarks  on  the  above. 


THE  firfl  part  of  Mr.  Wilfon’s  letter  countenances  Dr.  Whether  faiiy* 
Darwin's  explanation  of  fairy-rings;  for  of  all  the  thitlles  in-  hethu$ 
eluded  in  the  electrified  circle,  thofe  in  the  centre  received 
the  leaft  injury.  The  hypothefis  of  Dr.  Darwin  has  always 
feemed  to  me  to  labour  under  unfurmountable  difficulties ;  and 
this  is  the  reafon  why  I  point  out  a  fad  which  eftabliffies  an 
exaCt  agreement  of  the  explanation,  and  natural  appearance’s, 
in  one  inftance. 

Fairy-rings  are  permanent  objeCls,  the  nature  of  which  is 
but  imperfectly  underttood ;  and  it  is  to  be  wiffied  that  Mr. 

Wilfon  would  find  Ieifure  to  obferve  and  deferibe  the  future 
confequences  of  the  electric  difeharge  at  Biddulph  Hall.  The 
herbage  of  the  ramified  figure  mentioned  in  the  letter,  will  in 
all  likelihood  die  in  the  courfe  of  a  few  weeks ;  becaufe  plants 
that  have  fuftained  ftrong  eleCtrical  ffiocks,  feldom  furvive  the 
operation  more  than  a  month  or  two.  Should  this  change  take 
place  in  the  circle,  it  will  give  anew  appearance  to  the  furface 
of  the  ground,  by  expofing  to  view  the  branched  path  of  the 
lightning;  nor  is  it  improbable  but  that  this  alteration  will  be 
fucceeded  by  another  of  a  more  lingular  kind.  There  is  rea¬ 
fon  to  fufpect,  that  each  ramification  of  the  track  will  be  again 
covered  with  a  lively  verdure  the  next  fpring,  being  accom¬ 
panied  at  the  fame  time  by  a  contiguous  patch  of  blafied 
herbage  refembling  its  own  figure.  This  fulpicion  is  counte-  Comparifon  with 
nanced  by  certain  obfervations  of  Dr.  Hutton  of  Edinburgh,  ^r;  Hutton’s 
who  remarked,  that  the  fairy-rings  upon  Arthur  s  Seat  annu- the  fairy-rings 
ally  increafe  in  diameter;  i.  e.  the  withered  circumference  ofon  Artkur’s 
each  circle  becomes  green  in  fpring,  and  is  furrounded  in  a 
fhort  time  by  a  frefh  ring  of  a  rulfet  colour.  We  have  no' 
right  to  difpute  the  juftice  of  Dr.  Hutton’s  obfervations,  but 
the  queftion  is  undetermined,  whether  the  appearance  is  con¬ 
stant,  or  refults  from  the  nature  of  the  foil.  The  perufal  of 
the  foregoing  remarks  will  perhaps  admonitli  my  friend  Mr. 

M  ilfoil,  that  Fortune  has  furniflied  him  with  an  opportunity 
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of  profecuting  the  inquiry,  fuch  as  Hie  rarely  affords  to  perfonrt 
of  correct  observation.  I  will  not  trefpafs  upon  your  pages 
by  a  comment  on  the  remaining  fads  of  my  friend's  letter  ; 
let  them  fpeak  for  themfelves;  in  particular,  the  preference 
of  a  thunder  cloud  to  low  ground,  in  the  prefence  of  lofty 
objeds,  including  a  tall  tree. 

JOHN  GOUGH. 


ANNOTATION. 

I  believe  the  opinion  that  fairy-rings  are  caufed  by  light¬ 
ning,  is  of  confiderable  antiquity.  Dr.  Priedley  gave  lupport 
to  this  conclufion  by  his  experiment  of  the  concenlric  rings 
formed  on  a  poliflied  metallic  furface  by  the  explofion  of  a 
battery.  An  efFed  of  this  kind  produced  in  Kenfington  Gar¬ 
dens,  is  defcribed,  with  an  engraving,  in  our  Quarto  Series, 
Vol.  I.  p.  546. 

W.  N. 


II. 

On  the  Ccnnputation  of  Tables  of  Squares  and  Cubes.  In  a  Letter 

from  E.  O. 

To  Mr.  NICHOLSON. 

SIR, 

I  SHOULD  not  have  troubled  you  with  any  remarks  on  the 
method  of  computing  fquares  and  cubes,  if  I  had  not  feen  the 
paper  which  was  printed  on  that  fubjed  in  your  Journal  for 
laft  July.  But  as  it  appears,  from  that  letter,  that  there  may 
be  perfons  who  would  like  to  employ  themfelves  on  thefe  cal¬ 
culations,  it  is  defirable  that  the  plaineft  and  cafied  methods 
fhould  be  pointed  out  to  them. 

Every  one  who  is  accuftomed  to  calculation,  is  acquainted 
with  the  advantage  of  condantly  repeating  the  fame  opera¬ 
tions.  When  the  refult  of  any  calculation  is  to  he  made  out, 
in  fome  parts  by  multiplication  and  in  others  by  divifion,  fub- 
tradion,  or  addition,  it  is  impoffible  for  the  mod  unwearied 
diligence  to  avoid  occafional  midakes.  It  is  right,  therefore, 
to  dmplify  as  much  as  poflible  in  this  refped;  and  if  the  calcu¬ 
lation 
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Iation  cannot  be  effected  by  a  tingle  operation,  I  believe  I  fhall  Computation  of 
be  joined  by  all  perfons  accuffomcd  to  arithmetical  computa- 
tion,  in  recommending  the  ufe  of  addition*  in  preference  to 
fubtradtion,  and  of  multiplication  in  preference  to  divifion. 

Your  correfpondent  H.  G.  does  not  feem  to  have  paid  fuffi- 
cient  attention  to  thefe  confiderations ;  and  I  fear  that  he  not 
only  would  be  foon  wearied,  if  he  were  to  work  by  the  me¬ 
thod  which  he  recommends,  but  (what  is  of  dill  more  con fe- 
quence)  lie  could  not  depend  for  any  continuance  upon  the 
accuracy  of  his  computations. 

The  only  method  by  which  an  extenfive  table  like  Mr. 

Councer’s  could  have  been  calculated,  mud  have  been  by  the 
condant  addition  of  differences;  and  the  rules  for  this  method 
may  be  eadly  deduced  from  the  following  confiderations:  Let 
x-j-Sa,  x-\-2 a,  x-f-a,  Sec.  be  any  numbers  in  arithmetical  pro- 
greffion.  Then  by  the  binomial  theorem. 


j-j-3u)2=:  x2  -f*  6a. r  -f-  9 a1 
x-{-2u\  2  =  x 2  -f-  4 ax  -f-  4aa 
x  -p  a\ 2  —  xa  -f-  2ax  -f-  a 2 


x  —  x- 


1 ft  Differences. 
2 ax  -fe  5a2 

2 ax  -f-  3a1 
2ax 


2d  Differences. 


2  aa 
2ax 


It  will  be  foreign  from  my  prefent  purpofe  to  enter  into  a 
particular  consideration  of  the  manner  in  which  thefe  differ¬ 
ences  arife.  It  will  be  diffident  to  remark,  that  the  fecond 
difference  is  condant,  and  that  its  value  will  be  always  2, 
when  we  confider  a  asiz  1 ,  or  the  progreffion  x  -f-  3a,  x-j-2a. 
Sec.  as  a  feries  of  common  numbers  differing  from  one  an¬ 
other  by  unity.  Hence  the  fird  differences  of  the  fquares  ot 
fuch  numbers  become  themfelves  an  arithmetical  progreffion, 
of  which  the  common  difference  is  2  ;  and  confequently,  if 
we  know  the  fird  difference  between  the  fquares  of  any  two 
fuch  numbers,  we  can  find  the  difference  between  the  fquares 
of  the  two  next. 


*  If  this  opinion  wanted  any  argument  in  its  favour,  I  might 
fupport  it  by  the  authority  of  that  able  mathematician  Captain 
Mendoza,  who  has  calculated  his  new  tables  in  fuch  a  manner  as  to 
piake  all  the  equations  additional. 
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What  lids  been  faid  may  be  exemplified  by  applying  it  t® 
the  continuation  of  Mr.  Councer’s  fquares.  For 
798684121  is  the  fquare  of  28261, 

798627600  is  the  fquare  of  28260, 


56521  is  their  difference,  therefore  56523  is 
the  difference  between  the  fquare  of  28261  and  the  fquare  of 
28262.  By  the  addition  in  every  inftance  of  2,  we  may  find 
the  feries  of  differences ;  and  by  the  conftant  addition  of  them, 
we  may  eafily  find  the  fquares.  Thus 

798684121  ZZ  2826~ [}  2 
56523 

798740644  —  2826'2\2 
56525 

798797169  ZZ  2826?! a 
56527 

^  798853696  ZZ  28264^ 2 
56529 

798910225  ZZ_28265N,1 


Byafi  milar  method  the  table  of  cubes  might  be  continued 
by  the  addition  of  differences ;  but,  in  this  cafe,  the  calcula¬ 
tion  will  be  a  little  more  complicated:  Becaufe,  if  the  terms 
of  any  arithmetical  progreffion  be  raifed  to  the  cth  power, 
there  will  be  n  orders  of  differences,  and  the  laft  will  be  the 
only  one  of  them  which  will  be  conftant.  For  the  cube, 
therefore,  where  nzz3,  we  (hall  have  one  order  of  differences 
more  than  for  the  fquare. 

As  before,  let  the  progreffion  be  x  -{-  3a,  x  -f-  2 a,  x  a,  r, 
&c. 
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It  therefore  we  make  am  1,  the  third  difference  will  be 
conftantly  6,  and  the  fecond  difference  will  become  6x  -f-  13, 
6 r  -f-  12,  6x  -f-  6  ;  fo  that  if  any  three  numbers  be  taken  in 
an  arithmetical  feries  (in  which  am  i),  the  fecond  difference 
of  their  cubes  will  be  conftantly  fix  times  the  middle  number. 
For  the  fake  of  example,  we  may  apply  thefe  obfervations 
to  the  continuation  of  Mr.  Councer’s  cubes.  We  may  confider 
26559,  26560,  26561,  as  part  of  an  arithmetical  feries:  by 
the  table  we  could  find  the  difference  of  the  cubes  of  2 6559 

and 
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and  25560,  and,  by  what  has  been  obferved  above,  the  fecond 
difference  of  the  three  cubes  will  be*  6 . 26560  ZZ  1 59360  ; 
which,  added  to  the  difference  between  the  cubes  of  26559 
and  26560,  will  give  the  difference  between  the  cubes  of 
26560  and  26561.  So  far  we  fhould  proceed  exactly  in  the 
ffeps  which  are  traced  out  by  your  correfpondent  H.  G. ;  but 
I  differ  from  him  in  this  refpefi,  that  I  -fhould  by  no  means  re¬ 
commend  this  method  for  the  iolitary  calculation  of  any  parti¬ 
cular  cube:  it  is  only  mentioned  here  for  the  fake  of  (hewing 
how  toafeertain  the  numbers  by  which  we  muff  commence  the 
feries  of  differences,  when  we  want  to  continue  a  table  which 
lias  already  been  calculated  to  a  certain  extent.  For  the  third 
difference  is  conflantly  6  ;  therefore  if  we  take  an  arithmetical 
progrellion,  of  which  the  terms  differ  from  one  another  by  that 
number,  and  which  begins  with  159360  (fuch  as  159360^ 
159366,  159372,  4'C.  <§fc.),  w'e  fhall  afeertain  the  fecond  dif¬ 
ferences  of  the  cubes  which  we  want  to  find.  Theft  fecond 
differences  muff  be  added  to  the  refpedlive  hrff  d:fferences, 
and,  by  that  means,  we  fhall  find  a  feries  of  numbers,  which, 
added  to  each  particular  cube,  will  give  us  the  cubes  of  the 
numbers  next  above  it.  Thus 

265 60 \ 3  ZZ  187 363 16 41  6000 
26559)  3  ZZ  1  8734-200194879 

2116221121  zz  26560) 3  -  265591 3 
159360  2d  Difference. 

21163804-81  ZZ  2656j)3  —  265 6o) 3 
159366  2d  Difference. 

~21  1653984/’  ZZ  26562]3  -  2656f| 3 
159372  2d  D. 

2116699219  ZZ  26563] 3  —  26562)  3 
159378  2d  D. 

2116858597  ZZ  26564) 3  —  26563] 3 
159384  2d  D. 

2117017981  ZZ  26565] 3  —  26564)3 

Having  thus  afeertained  the  firff  differences,  we  may  pro¬ 
ceed  to  add  them  to  the  cubes : 


*  The  dot  (.)  between  the  figures  is  here  ufed  as  the  fign  of 
multiplication. 
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1 87 3631 641 6000  ZZ  26560)* 

21 163*0481  lit  D:fT. 

187384327964-SI  “  265 6 lV 
2116539847  1ft  D. 

18740549336328  ZZ  26562V 
2116699219  ift  D. 

18742666035547  ZZ  26563V 
2116858597  lft  D. 

18744782894144  ZZ  2 65641 3 
21  17017981  111  D. 

18746899912125  ZZ  26565^ 3 

The  methods  here  ftated  are,  probably,  the  eafieft  which 
can  be  devifed  for  confirudting  an  extenfive  (able  :  but  it  muft 
frequently  happen,  that  the  calculator  will  want  the  fquare  or 
cube  of  fome  number  which  is  greater  than  any  which  is  con¬ 
tained  in  the  table.  It  may  be  ufeful,  therefore,  to  confuler 
the  atliftance  which  the  table  may  afford  him  in  facilitating  the 
computation. 

It  is  well  known,  that  x  *  Therefore,  if  we 

want  to  find  the  fquare  of  a  number  w  hich  is  e  double  of  any 
contained  in  the  table,  we  have  only  to  multiply  the  given 
fquare  by  4.  In  the  fame  manner,  if  we  want  to  find  the 
fquare  of  a  number  which  is  exactly  three  or  four  times  as  great 
as  any  contained  in  the  table,  w'e  may  find  it  by  multiplying 
the  given  fquare  by  9  or  16.  Thus,  for  example, 

16522531600  ZZ  the  fquare  of  128540; 

4 

66090126400  ZZ  the  fquare  of  257080; 

16522274521  ZZ  the  fquare  of  128539  ; 

9 

148700470689  ZZ  the  fquare  of  385617. 

*  I  do  not  know  whether  it  is  worth  while  to  mention  the  cir- 
enmftance,  but  your  correfpondent  H.  G.  has  made  a  miftake  in 
the  application  of  this  rule.  For  he  fays  that,  if  we  “  multiply 
the  cube  of  any  given  root  by  8,  the  product  will  be  the  cube  of 
twice  the  next  root whereas  the  produtt  will  be  the  cube  of  twice 
the  given  root. 

In 


Computation 
lq  res  and 
cubes* 
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Computation  of  In  this  manner  we  may  find  the  fquares  of  all  even  numbers 

fqu3rcs  ani  which  do  not  exceed  the  double  of  the  table:  we  mayalfo  find 
eubes.  ....  J 

the  fquares  of  numbers,  to  a  greater  extent,  which  are  mul¬ 
tiples  of  3  :  the  multiples  of  4  and  5  may  be  fquared  likevvife, 
if  we  multiply  by  16  and  25  ;  but  fquare  numbers  increafe 
very  rapidly,  and  confequently  this  method  can  be  only  ufed 
(with  advantage)  for  the  (mall  multiples  of  the  tabular  num¬ 
bers.  We  mud,  therefore,  confider  fome  other  method  which 
may  be  applicable  to  prime  numbers  and  multiples  of  large 
ones. 

The  fquare  of  2x  -|-  1  zr  4r2  -J-  4r  -f-  I  zr  2.r2  -j-  H  ~b  2  -f* 

2t2  -  I  =Z  2.7+Tl3  -f  2x2  -  1,  or  2.x  -pV  +T2  -  1. 
If,  therefore,  we  want  to  find  the  fquare  of  an  odd  number 
which  does  not  exceed  the  double  of  thofe  which  are  fquared 
in  the  table,  we  muff  divide  the  next  even  number  below  it 
by  2,  and  this  half  will  be  equivalent  to  x  in  the  above  equa¬ 
tion  ;  the  next  number  above  this  half  will  give  us 
Having  thefe  two  fmaller  numbers,  we  may  find  their  fquares 
by  the  table  ;  and  the  fum  of  their  fquares  multiplied  by  2, 
will  exceed  the  fquare  required  by  1.  Thus,  if  it  were  re¬ 
quired  to  find  the  fquare  of  257079  =  2.  128539  -f-  1  :  Here 
x  =  128539,  and  x  -|-  1  =  128540;  therefore,  by  Mr.  Coun- 
cer's  table,  the  fquare  of  128540  would  be  16522531600 

the  fquare  of  128539  would  be  16522274521 

,  "  - - 

33044806121 


66089612242 

Therefore  the  fquare  of  257079  is  ^5089612241. 

Infiead  of  examining  each  particular  cafe,  when  the  number 
to  be  fquared  is  more  than  the  double  of  thofe  in  (he  table,  it 
will  be  beft  to  confider  the  theorem,  from  which  a  general  rule 

may  be  deduced,  nx  -j-  a)2  Z7  /i*xa  -J-  2 anx  -{-  a 2  ~nx 2  -f- 
2  anx  -j-  nz-n.x2  +  1  —  n  .  a2  —  n  _j_  xz 

4-  l-n.«2  —  n..r+^\2  -f^T-l.x2  Hence  we 

mud  multiply  x2  by  n  —  1,  to  the  produ6t  add  x  -f-  multi¬ 
ply  the  fum  of  thefe  two  quantities  by  n,  and  this  lad  produft 
will  exceed  (he  fquare  required  by  ^T.«2.  The  only  cau¬ 
tion  necedary,  is  in  dividing  the  given  number  by  x;  for  as 

we 


COMPUTATION  OF  SQUARES  AND  CUBES, 


we  fuppofe  it  equal  to  we  Should  make  x  as  great  as  it  Computation  of 

poflibly  can  be,  without  being  fo  large,  that  when  added  cubes^  ^ 
to  the  remainder  a  (as  it  fliould  exceed  the  numbers 

of  which  the  fquares  are  given  in  the  table.  Becaufe  n  and  a 
are  the  only  numbers  by  which  we  have  to  multiply,  and  as 
a  mud  be  lets  than  ??,  we  (hall  always  have  them  as  fmall  as 
pofiible,  if  we  take  x  according  to  the  directions  here  given. 

II,  for  example,  it  be  required  to  find  the  fquare  of  385618, 
which  is  greater  than  twice,  and  lets  than  three  times  12S540 
(the  greated  number  which  s  fquared  by  Mr.  Councer’s 
table);  here  385618  zz  3.128539  -f  1  ;  therefore  if  ft  zz  3, 
xzn  128539,  and  azz  1,  x~\~a  will  be  ZZ  128540,  and  will  be 
within  the  extent  of  the  table  :  Hence 

x2,  or  the  fquare  of  12S539,  would  be  by  the  table  16522274521 

n—  1,  or  3—  1  -  -  2 

_  33044549042 

or  the  fquare  of  128540,  would  be  16522531600 

49567080642 
ft  or  3  -  -  3 

_  348701241926 

and  as  n—  1.  a2  =  2,  the  fquare  of  38561 8  will  be  148701241924 

If  the  fquare  required  were  that  of  3S5619,  in  this  cafe  a— 2, 
andconfequently,  if  xZZ  128539,  x-\ -a,  or  128541,  would  ex¬ 
ceed  the  extent  of  the  table  :  therefore  n  mud,  in  this  cafe, 
be  equal  to  4,  XZZ9  6404,  and  a  ZZ  3,  and 

the  fquare  of  96404  =  9293731216 

3 

27881193648 
the  fquare  of  96407  =  9294309649 

37175503297 

4 


3.9,  or  27  ;  therefore  the 
fquare  of  385619  is 


} 


148702013188;  but  ft -1.  a2  = 
148702013161. 


From  this  example  we  fee  the  neceflity  of  being  careful 
that  x  a  does  not  exceed  the  numbers  in  the  table :  at  the 

fame 
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Computation  of  fame  time  it  maybe  remarked,  that  this  is  an  extreme  cafe, 

/■  j  * 

qu ares  an  which  can  never  occur  but  under  particular  circumftances : 

cubes.  1 

for  it  only  happens  when  the  number  to  be  fquared  is  lets  than 
a  multiple  of  the  higheft  number  in  the  table,  and  greater  than 
the  fame  multiple  of  the  number  next  lefs  than  the  higheft ; 
that  is,  for  a  table  like  Mr.  Councer’s,  it  mud  be  lefs  than 
m.  128540,  and  greater  than  m.  128539  :  under  thefe  circnm- 
ftances,  if  a  be  greater  than  1,  the  cafe  will  occur  which  is 
the  fubjedt  of  the  above  caution. 

It  remains  for  us  to  confider  the  method  of  finding  the  cubes 
of  numbers  which  exceed  thofe  given  in  the  table. 

Upon  the  principle  to  which  we  referred  before,  that  xm  x 
y*  =~xy\my  we  may  find  the  cube  of  a  number  w'hich  is  a  mul¬ 
tiple  of  any  one  contained  in  the  table,  by  fimple  multiplica¬ 
tion  :  for  the  cube  of  any  number  multiplied  by  8,  will  give 
the  cube  of  double  that  number;  the  cube  multiplied  by  29, 
64,  or  125,  will  give  us  the  cube  of  3,  4,  or  5  times  the 
number :  Thus, 

336892864427  1  =  the  cube  of  11991 
8 

2695 1429 1541 68  =:  the  cube  of  29982. 

1045678375000  =  the  cube  of  10150 
27 

73197  48625000 
2091356750000 

28233316125000  ==  the  cube  of  30450. 

But  as  the  cubes  increafe  more  rapidly  even  than  the  fquares, 
il  will  flill  be  more  neceffary  in  this  cafe  than  in  the  former,  to 
eftablith  tome  means  of  finding  the  cubes  of  thole  high  num¬ 
bers  which  are  either  prime  or  not  exaflly  a  final  1  multiple  of 
a  number  contained  in  the  table  ;  and  by  proceeding  in  a  man¬ 
ner  fimilar  to  that  which  we  uted  for  the  fquares,  we  eafily 
etlablith  a  general  rule  for  this  purpofe  :  For  UJL 

+  3an*x*  +  3a2nxi-a*  =  nx*  -f  3nax* -\-Znu*x+na*  ± 

1 3  +  3anZ  ~~  3(1,1  •  *2  -f  a3  -?w3  =  n .  x  -f  3  n  __  ,  #  *3  . 

3ax2  + 1  ~ •  a3  =  w  3  -f-rT^T  .  «4- 1  x3  +3ax*  V 

l-n.a\  Determine,  therefore,  n,  and  a,  in  the  fame 

manner 
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manner  as  for  the  fquare,  and  be  equally  careful  that  x  -}-  a  Computation  of 

-  fquares  and 

does  not  exceed  the  numbers  in  the  table ;  add  n  -{-  1  .  x2  to  cubes. 

3cx2  ;  multiply  the  fum  of  thefe  two  quantities  by  ?i—  1  ;  to 
the  produ£f  add  and  multiply  this  fum  by  n  :  this  Iaft 

produfl  will  exceed  the  cube  required  by  n—  1  . a 3. 

If,  for  example,  it  be  required  to  find  the  cube  of  53119, 
or  2.26559  4  1  *  Then  n  =  2,  a  =  1,  x  =  26559,  and  x  -j-a  = 

26560,  and  the  cube  of  53 1  1 9  =  2  x 


2656(3) 3  -f  3 . 26559") 3  -f-  3 . 26559>  -  I  :  Therefore,  by  Mr. 
Councer’s  table,  the  cube  of  26559  would  be  18734200194879 
The  fquare  of  26559  -  705380481 


The  cube  of  26560 


18734905575360 

3 

56204716726080 

18736316416000 


74941033142080 


149882066284160 

therefore  the  cube  of  531 19  is  -  149882066284159 

Laftly,  let  it  be  required  to  find  the  cube  of  79601,  or 
3 . 26533  -f  2  :  here  n  =  3,  a  =  2,  x  =  26533,  x  4-  «  = 
26535;  therefore,  by  what  has  been  demonftrated,  7960lV 

—  3  X  26535V  4-2  X  4. 2653?) 3  4- 6.26533)^-  2.8. 

26533V  =  18679234361437 

2 


26533) 1  =704000089 

3 


2112000267 


37358468722874 
2 1 1 2000267 


3736Q5807231 41 

4 

149442322892564 
=  18683458680375 

168125781572939 

3 


504377344718817 
504377344718801 
.  £.  O. 
Analyst 


Therefore  the  cube  of  79601  is 


n 
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Hiftory  of  the 
mineral. 


*>Pv  gravity. 


Heat  by  the 
blow-pipe  ex¬ 
pelled  fulphur 
and  white  fumes 
and  left  lulphu- 
let  of  lead  and 
metallic  copper. 


III. 


Analyfs  of  a  Triple  Sulphur  et  of  Lead ,  Antimony,  and  Copper, 
from  Cornwall.  By  Charles  Hatchet,  Efj.  F.  R.  S. 

From  the  Pliilofophical  Tranfaclions  for  1804. 

The  fubftance  which  forms  the  fubje6t  of  this  paper,  has 
hither  to  been  regarded  as  an  ore  of  antimony  ;  it  is  extremely 
rare,  and  lias  only  been  obtained  from  Huel  Boys,  in  the  parifli 
of  Endellion,  a  mine  which,  from  deficiency  of  profit,  has  for 
fome  time  been  abandoned. 

The  fcarcity  of  the  ore  has  probably  been  the  caufe  of  its 
being  unknown  to  foreign  mineralogifts  ;  indeed  few  even  of 
the  Britith  cabinets  poflefs  it;  but  the  mod;  perfect  and  beautiful 
fpecimens  are  (as  far  as  I  know)  to  be  teen  in  the  fplendid 
cohesion  of  Philip  Rathleigh,  Efq.  of  Menabilly,  in  Corn¬ 
wall. 

To  Mr.  Rathleigh  we  are  indebted  for  the  firft  description 
of  this  ore  *  ;  but  no  fubfequent  notice  had  been  taken  of  it, 
until  the  preceding  paper  was  written  by  the  Count  de  Bournoi*, 
whofe  eminent  merits,  as  a  mineralogift  and  cryftallographar, 
are  well  known  to  this  Society. 


I. 

The  fpecific  gravity  of  this  fubftance  is  57 G6,  65°  of 
Fahrenheit. 


II. 

If  fuddenly  heated  on  charcoal,  by  the  blowpipe,  it  crackles 
and  fplits ;  but,  when  gradually  expofed  to  the  flame,  it 
,  liquifies,  and,  upon  cooling,  afiumes  a  dull  metallic  grey 
colour. 

When  the  globule  was  longer  expofed  to  heat,  white  fumes 
(which  at  firft  had  a  fulphureous  odour)  were  evolved,  and 
partly  fettled  on  the  charcoal. 

Ebullition  prevailed  during  the  difeharge  of  thefe  white 
fumes;  and  the  globule  gradually  fuftered  confiderable  dimi¬ 
nution,  remaining  at  length  tranquil,  and  of  a  very  dark  gray 
colour. 


*  Specimens  of  Britith  Minerals,  felefted  from  the  Cabinet  of 
Philip  Rathleigh,  'Efq.  F.  R.  S.  See.  Part  I.  page  34,  Plate  XIX. 

Upon 


/ 
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tJpon  examination,  this  appeared  to  be  principally  fulphuret 
ot  lead,  which,  like  a  cruft,  enveloped  a  minute  globule  of 
metallic  copper,  fo  malleable  as  to  bear  to  be  flattened  by  a 
hammer. 

in. 

Some  of  the  ore,  finely  powdered,  was  put  into  a  matrafs,  Digeftion  with 

and  nitric  acid  diluted  with  an  equal  portion  of  water  was  acid^&c^imUca 

poured  on  it.  Upon  being  digefted  in  a  low  heat,  a  confiderable  ted  fulphur,  lead, 

part,  was  dillolved,  with  much  efl'ervefcence.  Some  fulphur,  c0PPer>  and  an_ 
r  .  .  1  timony,  with  a 

which  floated,  wasfeparated  ;  and  the  clear  liquor,  which  was  little  iron, 
bluifli  green,  was  decanted  from  the  retiduum  at  the  bottom  of 
the  veil'd. 

A  great  part  of  the  exeefs  of  acid  being  expelled  from  the 
folution,  it  was  largely  diluted  with  diftilled  water,  and  fome 
dillolved  muriate  of  foda  was  added  ;  but  this  did  not  produce 
any  alteration  in  the  tranfparency  of  the  liquor.  A  folution  of 
fulphate  of  foda  was  then  poured  in,  and  formed  a  very  copious 
precipitate  of  fulphate  of  lead. 

When  this  had  been  feparated,  the  liquor  was  faturated  with 
ammonia  ;  by  which  it  was  changed  to  a  deep  blue  colour.  A 
few  flocculi  of  iron  were  feparated  ;  and  the  remainder  was 
found  to  contain  nothing  but  copper. 

The  fulphur  which  had  floated,  was  added  to  the  refiduuru. 
which  had  fubfided  to  the  bottom  of  the  matrafs;  and  the  whole 
was  digefted  with  muriatic  acid.  This  folution  was  of  a  flraw 
colour;  and,  when  feparated  from  the  fulphur,  and  poured  into 
a  large  quantity  of  water,  afforded  a  plentiful  white  pre¬ 
cipitate. 

This  precipitate  was  completely  refolved  into  white  fumes, 
by  the  blowpipe ;  and  the  muriatic  folution  of  it,  when  added  to 
water  impregnated  with  hydro-fulphuret  of  ammonia,  formed 
the  orange  coloured  precipitate,  commonly  known  by7  the  ap¬ 
pellation  of  golden  fulphur  of  antimony. 


IV. 

Muriatic  acid  did  not  immediately  aft  upon  the  pulverized  The  fame  refute 

ore  ;  but  a  folution  was  fpeedily  eftefted  by  the  addition  of  a  1treatm.ent 
„  ,  „  .  .  .  .  /•  I  l  r  .1  ii  w^h  muriatic 

few  drops  of  nitric  acid  :  pure  lulphur  w’as  leparated  ;  and  the  acid  and  a  little 

liquor,  being  decanted  into  water,  yielded  a  copious  precipitate  nWc. 

»f  oxide  of  antimony. 

4f  The 


I 
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The  filtrated  folution,  by  gradual  evaporation,  afforded 
cry  ft  a  Is  of  muriate  of  lead  ;  and  the  lead  which  afterwards 
remained  in  the  liquor,  was  feparated  by  a  few  drops  of  ful- 
phuric  acid. 

The  folution  wasnowof  abright  green  colour,  and,  as  before, 
was  found  only  to  contain  copper,  and  a  minute  portion  of  iron ; 
the  former  was  therefore  precipitated  in  the  metallic  ftate,  by  a 
plate  of  zinc. 

Thele  experiments,  with  others  which  I  have  not  thought 
necetfarv  to  mention,  prove,  that  the  eonftituent  parts  of  this 
ore  are  lead,  antimony,  copper,  and  a  little  iron,  combined  with 
fulphur;  and,  whqn  the  fpecific  gravity,  the  external  and  in¬ 
ternal  colour,  fradture,  grain,  and  other  charadters  are  consi¬ 
dered,  there  can  be  no  doubt  but  that  at  Ieaft  the  three  firft 
metals  exift  in  the  ore,  in,  or  nearly  in,  the  metallic  ftate, 
combined  with  fulphur,  fo  as  to  form  a  triple  fulphuret  ;  to  af- 
certain  the  proportions  of  which,  the  following  analyfis  was 
made. 


V.  Analyfis. 


Analyfis.  Pul-  A.  200  grains  of  the  ore,  reduced  to  a  fine  powder,  were  put 
verging.  into  a  g]afs  matrafs,  and,  two  ounces  of  muriatic  acid  being 

added,  the  veflel  was  placed  in  a  fand-bath.  As  this  acid,  even 
when  heated,  fcarcely  produced  any  efFedt,  fome  nitric  acid  was 
gradually  added,  by  drops,  until  a  moderate  effervefeence  began 
to  appear. 

Digeftion  with  The  whole  was  then  digefted  in  a  gentle  heat,  during  one 
nitro-mur.  acid,^our.  ancj  a  green  coloured  folution  was  formed,  wbiift  a 
quantity  of  fulphur  floated  on  the  furface,  which*  was  eolledted, 
and  was  again  digefted  in  another  veflel,  with  half  an  ounce  of 
muriatic  acid. 


lef x fulphur  The  fulphur  then  appeared  to  be  pure,  and,  being  well  wafhed 

and  dried  on  bibulous  paper,  weighed  34  grains:  it  was  after¬ 
wards  burned  in  a  porcelain  cup,  without  leaving  any  other 
refidium  than  a  flight  dark  ftain. 

The  green  folu-  B,  The  green  folution,  by  cooling,  had  depofited  a  white 
tion  afforded,  byfa]jne  (ediment ;  but  this  difappeared  upon  the  application  of 

Jntimry,  7  heat,  ailc*  tl)e  Edition  of  the  muriatic  acid  in  which  the  fulphur 
bad  been  digefted. 


The  folution  was  perfectly  tranfparent,  and  of  a  yellowifh 
green:  it  was  made  to  boil,  and  in  this  ftate  was  added  to  three 

quart* 
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quarts  of  boiling  difiilled  water,  which  immediately  became 
like  milk  ;  this  was  poured  on  a  very  bibulous  filter,  fo  that 
the  liquor  palled  through  before  it  had  time  to  cool ;  and 
the  white  precipitate  thus  collected,  being  well  edulcorated 
with  boiling  water,  and  dried  on  a  fand-balh,  weighed  63 
grains. 

C.  The  wafhings  were  added  to  the  filtrated  liquor;  and  theand  by  fubfe- 
whole  was  gradually  evaporated  at  different  times,  between  Jo^muriatc”? 
each  of  w'hich  it  was  buffered  to  cool,  and  remain  undifiurbed/^j. 
during  feveral  hours.  A  quantity  of  cryfiallized  muriate  of 

lead  was  thus  obtained,  until  nearly  the  whole  of  the  liquor 
was  evaporated  :  to  this  laft  portion  a  few  drops  of  fulphuric 
acid  were  added,  and  the  evaporation  was  carried  on  to 
drynefs  ;  after  which  the  refiduum,  being  dilfolved  in  boiling 
diflilled  water,  left  a  fmall  portion  of  fulphate  of  lead. 

The  cryfiallized  muriate  of  lead  was  then  diflolved  in  boiling 
water;  and,  being  precipitated  by  fulphate  of  foda,  was  added 
to  the  former  portion,  waswalhed,  dried  on  a  fand-bath,  and 
then  weighed  120.20  grains, 

D.  Thefiltrated  liquor  was  now'  of  a  pale  bluifii-green,  which  Ammonia  threw 
changed  to  deep  blue,  upon  the  addition  of  ammonia;  fomedown a ^ttle ;rC7J* 
ochraceous  fiocculi  were  collected,  and,  when  dry,  were 

heated  w'ith  wax  in  a  porcelain  crucible,  by  which  they 
became  completely  altraflable  by  the  magnet,  and  weighed 
2.40  grains. 

E.  The  clear  blue  liquor  was  evaporated  nearly  to  drynefs ;  The  blue  liquor 

and,  being  boiled  with  firong  lixivium  of  pure  potafh,  until  evaPor;  and  boi^ 
,  ,  ,  i/iii  ,  r  .  r  '  ,  .  ed  with  potafli 

the  whole  was  almott  reduced  to  a  dry  mats,  it  was  dilfolved  and  then  diflol- 

in  boiling  difiilled  water;  and  the  black  oxide  of  copper,  being  ved  in  water  gave 

colledted  and  waflied  on  a  filler,  was  completely  dried,  and  °iaC^  coPPer* 

weighed  32  grains. 

200  grains  of  the  ore,  treated  as  here  ftated,  afforded. 


Grains. 

A.  Sulphur  - 

-  34. 

Produfti. 

B.  Oxide  of  antimony  - 

63. 

C.  Sulphate  of  lead 

1  20.20 

D.  Iron  - 

2.40 

E.  Black  oxide  of  copper 

32. 

But  the  metals  compofing  this  triple  fulphuret  are  evidently 
in  the  metallic  ftate  ;  and  white  oxide  of  antimony  precipitated 
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from  muriatic  acid  by  water,  is  to  metallic  antimony  as  130  to 
100;  therefore,  the  63  grains  of  the  oxide  mult  be  efiiraated 
at  48.46,  grains  of  the  metal. 

Again,  fulphate  of  lead  is  to  metallic  lead  as  141  to  100; 
therefore,  120.20  grains  of  the  former  are  —  85.21  grains  of 
the  latter.  And,  laftly,  black  oxide  of  copper  contains  20 
percent,  of  oxygen;  confequently,  32  grains  of  the  black  oxide 


are  =  25.60  grains 

of  metallic  copper. 

The  proportions  for  200 

grains  of  the  ore. 

will  therefore 

Sulphur 

- 

- 

34. 

Antimony 

m 

- 

am 

48.46 

Lead 

- 

- 

- 

85.24 

Iron 

- 

am 

- 

2.40 

Copper 

m 

- 

25.60 

195.70 

Lofs 

- 

4.30 

Or,  per  cent. 

Sulphur 

- 

- 

m 

17. 

Antimony 

- 

- 

- 

2L23 

Lead 

- 

mm 

m 

42.62 

Iron 

- 

m  0* 

mm 

1.20 

<-  Copper 

m 

1 

m  mm 

\ 

- 

12.80 

97.85 

Lofs 

• 

2.15 

Thefe  proportions,  1  have  reafon  to  believe,  are  tolerably 
exact;  for  I  did  not  obferve  any  efiential  variation  in  the  refults 
of  two  other  analyfes,  which  I  made  of  this  fubftance,  with 
every  potlible  precaution. 

The  lofs  may  be  principally  aferibed  to  the  oxide  of  anti¬ 
mony  and  fulphate  of  lead  ;  but  efpecially  to  the  former, 
which  has  a  great  tendency  to  adhere  to  filters  and  glals 
veflels. 

In  fome  of  the  preliminary  experiments,  I  obtained  a  fmall 
portion  of  zinc  ;  but,  having  received,,  through  the  kindnefs  of 
Mr.  R.  Phillips,  of  Lombard-ftreet,  fome  pure  cryftals  of  the 
ore,  I  found  that  the  zinc  had  proceeded  from  blende,  wdiich 
was  imperceptibly  mixed  in  the  fpecimcns  which  I  had  firlt 
examined. 
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Defcription  of  a  compound  EleBrical  Infirument  for  condenfin 
and  doubling:  with  Experiments.  By  Mr.  Wilson. 

London,  Augiift  10,  1804. 


SIR, 


To  Mr.  NICHOLSON, 


1  TAKE  the  liberty  of  troubling  you  with  the  following  ac-  Compound 

count  and  drawing  of  a  compound  condenfer  of  ele&ricity,  C0111 

which  I  think  is  an  improvement  on  Cavallo's  multiplier  of 
ele&ricity,  defcribed  in  his  Treatife  on  Ele6lricity  in  the 

third  volume,  of  the  fourth  edition,  and  if  you  think  it  worth 
a  place  in  your  Philofophical  Journal,  you  will  very  much 
oblige  me  by  inferting  it  therein. 

I  am  your  obedient 

Humble  fervant, 

W.  WILSON. 

The  drawing  is  an  exa6t  reprefentation  of  the  inflruraent,  Defcription  and 
about  half  its  real  fize,  ( Plate  3.)  The  plates  A,  B,  C,  D,  tiic 

and  E  are  fupported  by  glafs  flicks,  covered  with  fealing 
at  the  upper  part;  but  the  plate  F  is  fupported  by  a  wire, 
which  has  a  joint  at  the  bottom,  by  which  it  may  be  brought 
near  the  plate  E,  or  thrown  back  away  from  it.  3  is  a  fcrew, 
which  flops  againfl  the  glafs  fupport  of  E,  and  regulates  the 
di fiance  of  the  two  plates  when  one  is  brought  near  the  other. 

The  plates  A,  C  and  E  are  fixed  to  the  bottom  board,  and  B 
and  D  to  the  levers  L  1,  which  move  round  the  pins  p  p,  and 
and  are  connected  by  the  rod  R.  It  will  be  feen  by  the  drawr- 
ing,  that  when  the  lever  L  is  moved,  the  plates  B  and  D  are 
moved  in  contrary  directions,  that  is,  they  both  approach  to» 
wards  or  recede  from  the  plate  C  at  the  fame  time,  but  on  op- 
pohte  fides.  The  faces  of  the  plates  are  ground  flat,  and  they 
are  fo  adjufted  that  if  the  fcrews  2  2  did  not  flop  the  levers 
when  they  are  moved,  the  face  of  B  would  flop  flat  againfl  the 
face  of  A,  and  fo  would  the  face  of  D  againft  C.  The  fcrews 

2  2  flop  them  when  at  a  very  fmall  diftance,  which  may  be 
made  more  or  lefs  by  turning  the  fcrews. 

C  2 


This 
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Its  ufes  as  a 
condenfer,  a 
Tingle  and  double 
multiplier,  and  a 
doubler  of 
electricity. 


This  indrument  ferves  the  purpofe  of  a  condenfer,  a  (ingle 
and  double  multiplier,  and  a  doubler  of  electricity.  When  it 
is  ufed  a<  a  lingle  condenfer,  the  plate  B  is  brouglit  as  near  A  as 
the  ferew  2  will  permit,  and  then  the  wires  b  and  f  touch  one 
another  and  uninfulate  B,  which  increafes  the  capacity  of  A. 
As  the  capacity  of  A  is  increafed  it  will  receive  a  greater  charge 
of  electricity  from  any  electrified  body  brought  into  contaCt 
will)  it.  Confequently,  when  B  is  removed,  the  charge  on  A 
will  be  much  more  intenfe  than  it  would  have  been  if  the  plate 
B  had  not  been  oppofed  to  it;  but  this  intendty  will  not  be 
greater  than  that  of  the  electrified  body,  if  its  furface  is  not 
greater  than  the  furface  of  the  receiving  plate  A;  for  a  eon- 
denfer  does  not  increafe  the  quantity  of  eleCtrieity,  it  only  col¬ 
lects  it  into  a  (mailer  (pace  than  it  was  before.  So  that  if  the 
eleCtricity  of  a  very  (mall  body  is  required  to  be  afeertained, 
the  fimple  condenfer  will  not  anfwer  the  purpofe.  Some  other 
means  mud  be  ufed  when  this  is  the  cafe,  and  Cavalk/s  mulfi- 
plier  is  the  lead  exceptionable  of  the  indruments  ufed  for  this 
purpofe.  The  indrument  reprefented  in  the  drawing  forms  a 
multiplier,  either  (ingle  or  double,  for  when  B  is  near  A  and 
uninfulated,  A  will  receive  a  much  greater  charge  that  it  would 
d  B  had  not  been  near.  And  becaufe  Bis  uninfulated,  A  will 
induce  a  contrary  date  on  B,  and  of  nearly  equal  inlenfity; 
which  date  is  preferved ;  For  the  indant  the  lever  is  moved  to 
carry  B  farther  from  A;  the  contact  between  the  wires  //and./ 
is  difeontinued,  and  B  infulated,  and  as  it  removes  farther 
away  from  A,  the  intenfity  of  its  charge  will  increafe  the  fame 
as  that  of  A  will,  and  be  ready  to  part  with  nearly  the  whole 
fo  another  condenfer. 

Now  as  the  plate  B  removes  away  from  A,  the  plate  D  ap¬ 
proaches  C,  and  when  at  a  (mall  didance  from  it,  the  wires  d 
and  g  come  into  contaCt,  which  operation  uninfulates  D,  and 
therefore  caufes  the  two  plates  C  and  D  to  form  a  condenfer; 
and  at  the  fame  indant  that  d  touches  g,  the  wires  b  and  c  touch 

°  JC 

one  another,  fo  that  nearly  the  whole  of  the  charge-  of  B  is 
communicated  to  C,  which  induces  a  contrary  date  on  D,  as 
the  charge  of  A  did  on  B.  D  will  therefore  be  in  the  fame 
date  as  A  is,  which  date  is  preferved  ;  for  the  indant  the  p'ate 
B  removes  away  from  near  C,  the  plate  D  alfo  removes  away 
from  it,  and  the  contact  between  the  wires  d  and  g  is  difeon¬ 
tinued,  and  D  infulated ;  and  by  continuing  the  motion  the 

plate 
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plate  B  will  come  near  A,  and  D  will  remove  away  from  C  *ts  u^cs  38  a 
till  the  wires  b  and /touch  one  another,  at  which  indant  the  fingie  and  double 
wire  d  touches  the  wire  e.  Now  if  the  plate  E  and  F  are  multiplier,  and 
near  one  another,  they  will  form  a  third  condenfer,  and  nearly  dtricfcy* 
the  whole  of  the  charge  of  D  is  communicated  to  E  in  the 
fame  manner  the  charge  of  B  was  communicated  to  C  ;  at  the 
fame  time  B  recruits  its  charge  by  coming  near  A,  which  will 
be  communicated  to  C,  which  induces  a  contrary  date  on  D, 
and  which  D  communicates  to  E,  and  this  operation  is  re¬ 
peated  every  time  the  lever  is  moved  backwards  and  forwards; 
fo  that  the  charge  on  C  is  increadng  at  every  motion  of  the 
lever,  while  the  charge  on  A  remains  the  fame ;  and  when  C 
becomes  fo  much  charged  as  not  to  be  capable  of  receiving 
any  more  from  B  (which  will  be  the  cafe  in  a  certain  number 
of  motions)  the  operation  will  dill  go  on  between  D  and  E, 
the  charge  on  E  increadng  while  the  charge  on  C  remains  the 
lame,  fo  that  E  will  acquire  a  charge  as  much  greater  than  C 
as  the  charge  on  C  is  greater  than  the  charge  on  A,  which  will 
be  manifeded  by  removing  the  plate  F  away  from  E.  When 
the  wire  a  is  fcrewed  into  the  plate  A,  and  connected  with  E 
by  means  of  the  wire  4  5 ;  the  indrument  then  poffeffes  all  the 
properties  of  the  double  of  eleCtricity,  for  then  all  the  charge 
communicated  to  E  (which  is  of  the  fame  nature  as  that  of  A) 
will  be  communicated  to  A,  which  will  continually  increafe  the 
intendty  of  its  charge,  and  that  will  have  an  increafed  effeCt 
on  B,  &c.  at  every  motion  of  the  lever.  There  is  no  limits  to 
this  accumulation,  but  that  w'here  the  charge  is  fo  intenfe  as  to 
pafs  from  one  plate  to  the  other  in  the  form  of  a  fpark. 

I  have  made  many  experiments  with  this  indrument  relative  On  thefpon- 
to  its  fpontaneous  electricity,  and  I  find,  as  a  fingie  multiplier 
(that  is  when  an  electrometer  is  connected  with  C)  it  has  nomftrument. 
effeCt  on  the  mod  delicate  gold  leaf  electrometer  I  could  make; 
but  as  a  double  multiplier  (that  is  when  an  electrometer  is 
connected  with  E)  there  is  fome  fmall  effeCt  if  fome  electricity 
had  been  communicated  to  it  within  an  hour  or  two,  although 
it  may  have  been  difcharged  by  touching  each  of  the  plates  with 
a  metal  point  (which  I  find  is  the  mod  effectual  w'ay  of  dif- 
charging  fmall  portions  of  eleCtricity,)  but  if  it  has  dood  three 
or  lour  hours  after  being  difcharged,  it  will  not  give  any  figns 
of  eleCtricity.  When  ufed  as  a  doubler  it  alwmys  becomes 
electrified  with  between  eight  and  fifteen  motions  of  the  lever, 

2  even 
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On  the  fpon- 
taneous  elec¬ 
tricity  of  this 
inflrument. 


even  though  it  has  not  been  ufed  for  two  or  three  months. — 
But  if  it  has  been  ufed  within  two  or  three  hours,  the  efFcct 
will  take  place  with  fewer  motions  of  the  lever,  and  if  it  has 
been  ufed  within  a  few  minutes,  two  or  three  motions  will  be 
more  than  fufficient  to  afcertain  the  quality  of  the  electricity. 
It  is  to  be  obferved  that  the  inflrument  was  always  difcharged 
(by  the  metal  point  as  before  obferved)  between  each  trial. 

In  the  courfeof  making  the  experiments  on  the  fponlaneous 
eleClricity  of  this  inflrument  I  found  that  it  was  always  pofi- 
tive  if  the  inftrument  had  not  been  ufed  for  two  or  three  days, 
whatever  electricity  it  was  lalt  charged  with.  But  the  time  it 
mufl  (land  unufed  after  it  has  been  difcharged,  to  produce  this 
effeCt,  depends  a  great  deal  on  the  weather;  if  the  air  is  very 
humid,  twenty-four  hours  is  quite  fufficient,  but  if  it  is  very 
dry,  it  will  require  four  or  five  days. 

After  I  had  obferved  that  after  the  inflrument  was  charged 
with  pofitive  eleCiricity  its  fponlaneous  electricity  was  always 
pofitive;  and  that  after  it  was  charged  with  negative  electri¬ 
city,  its  fponlaneous  eleCtricity  was  negative  onlv  within  a 
certain  time  after  it  had  been  difcharged,  and  then  became 
pofitive;  and  alfo  that  it  required  a  greater  number  of  motions 
of  the  lever  to  produce  a  certain  effeCt  on  the  electrometer 
with  negative  eleCtricity,  the  longer  it  flood  after  it  had  been 
charged  with  negative  electricity,  and  that  when  it  became 
pofitive,  the  longer  it  flood  the  lefs  number  of  motions  of  the 
lever  it  required  to  effeCt  the  electrometer  with  pofitive  elec¬ 
tricity  to  a  certain  degree,  and  this  within  fome  certain  limits. 

I  was  at  a  lofs  how  to  account  for  this  change.  However, 
after  fome  confideration,  I  began  to  fufpeCt  i hat  the  plates  (al¬ 
though  all  of  the  fame  metal,  copper)  had  each  a  property 
peculiar  to  itfelf,  of  acquiring  a  certain  fmall  charge  of  one 
kind  of  eleCiricity  in  preference  to  the  other;  and  that  if  they 
were  left  to  themfelves  they  would  naturally  do  fo.  I  therefore 
began  a  fet  of  experiments  to  afcertain  the  probability  of  this 
fuppofition.  Firfl,  direCtly  after  the  inflrument  had  been  ufed 
tor  negative  eleCiricity,  I  difcharged  it  by  touching  each  of  the 
plates  with  a  metal  point,  which  I  held  in  contaCl  with  each 
plate  for  two  or  three  feconds.  An  eleClrometer  was  then 
connected  with  the  plate  A,  and  while  it  was  in  this  fituation, 
it  was  made  to  diverge  with  pofitive  electricity  ;*  it  was  then 

*  The  eleClrometer  was  made  to  diverge  by  bringing  an  excited 
glafs  or  fealing  wax  near  it, 

dif. 
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difcharged  by  a  flight  touch  with  the  finger,  the  lever  was  then  O'1  the  fpon- 

tsncous  dec- 

moved  backwards  and  forwards  about  fourteen  times,  and  the  trjc;ty  0f  t^s 
electrometer  diverged  with  negative  eleCtricity.  This  was  re- infirument. 
peated  feveral  times  with  the  fame  effeCt. 

The  lever  was  then  put  in  fuch  a  pofition  that  the  plates 
could  not  be  fuppofed  to  aCt  as  condenfers,  one  pair  more  than 
another,  and  the  whole  was  left  untouched  for  twenty-four 
hours.  It  was  then  tried,  and  with  twenty  motions  of  the 
lever  the  electrometer  diverged  with  pofitive  electricity. 

It  was  then  left  untouched  for  eighteen  hours  more,  and  on 
trial  the  electrometer  diverged  with  pofitive  eleCtricity.  The 
infirument  was  next  difcharged  with  the  metal  point  as  before, 
and  the  electrometer  made  to  diverge  with  negative  eleCtricity, 
which  was  difcharged  by  a  flight  touch  of  the  finger.  The 
lever  was  now  worked,  and  with  nine  motions  of  the  elec¬ 
trometer  diverged  with  pofitive  eleCtricity.  It  was  then  dif¬ 
charged  and  left  untouched  for  fixteen  hours,  after  which  it 
diverged  with  pofitive  eleCtricitv  after  a  few  motions  of  the 
lever.  It  was  then  left  untouched  for  five  days,  after  that 
time  it  gave  pofitive  electricity  when  the  lever  was  worked, 

Thefe  experiments  I  have  repeated  a  great  many  times  with 
the  fame  effeCt. 

As  it  appeared  from  the  foregoing  experiments  that  the  re- 
fiduum  on  the  electrometer  was  inefficient  to  overcome  the 
effeCt  of  the  refiduum  on  the  plates,  I  was  induced  to  charge 
the  whole  infirument  with  the  effeCt  of  the  eleCtricity,  I  would 
with  to  communicate  to  it,  and  this  I  did  by  making  the  elec¬ 
trometer  diverge  with  the  defired  eleCtricity,  and  while  it  was 
divergent  I  began  working  the  lever,  to  communicate  the  ef¬ 
fect  to  all  the  plates.  I  charged  the  infirument  with  negative 
eleCtricity  firfi,  and  difcharged  it  with  the  metal  point.  The 
lever  was  then  worked,  and  in  eight  motions  the  eleCtrometer 
diverged  with  negative  eleCtricity.  It  was  then  left  untouched 
for  five  days,  when  eighteen  motions  of  the  lever  made  the 
eleCtrometer  diverge  with  pofitive  eleCtricity.  This  has  been 
often  repeated  with  the  fame  effeCt. 

The  infirument  was  next  charged  with  pofitive  eleCtricity, 
and  difcharged  as  before,  a'ter  which,  fix  motions  of  the 
lever  made  the  eleCtrometer  diverge  with  pofitive  eleCtricity. 

It  was  left  untouched  for  twenty-four  hours,  when  the  elec¬ 
trometer 
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trometer  diverged  with  pofitive  ele&ricity  with  twelve  motions 
of  the  lever,  and  fo  it  did  after  it  had  flood  untouched  for  fix 

days. 

The  probability  of  the  loregoing  fuppofition  concerning  the 
property  of  the  plates  acquiring  a  charge  of  one  eleCtricity  in 
preference  to  the  other,  was  more  ftrengthened  by  the  follow¬ 
ing  experiment,  which  has  been  repeated  feveral  times.  The 
inftrument  was  charged  with  negative  ele&ricity,  and  then  left 
without  difeharging  for  twenty-four  hours,  when  fixteen  mo¬ 
tions  of  the  lever  made  the  electrometer  diverge  with  pofitive 
electricity. 

I  make  no  doubt  if  the  plates  were  of  different  metals  this 
efFe£t  would  be  more  ftriking,  and  that  in  fome  cafes  we 
fhould  have  the  contrary  eleCtricity.  I  intend  to  conftruCt  one 
of  thefe  inftruments  in  fuch  a  wrny  that  plates  of  any  metal 
may  be  put  on,  and  their  effect  tried.  I  think  this  a  fubjeCt 
well  worth  purfuing  as  it  may  throw  fome  light  on  fome  of  the 
phenomena  of  eleCtricity,  which  have  their  caufes  at  prefent 
buried  in  obfcurity. 


V. 


Note  rejpe fling  the  Snfpenfion  of  Zinc  in  Hidrogen,  and  the  con- 
Jequent  Ignition  and  Fujion  of  F Latina  Wire.  By  Amicus. 


To  Mr.  NICHOLSON. 

f 

Dear  Sir, 


Ignition  and 
fufion  of  platina 
in  Cuthbertfon’s 
gazometcr, 


1  EMPLOY  a  gafometer  of  a  much  more  timple  conftruCtion 
and  much  lefs  expence  than  Lavoifier’s,  which  that  tkilful  and 
intelligent  artift,  Cuthbertfm ,  invented  at  ray  entreaty,  about 
ten  years  ago.  It  is  defcribed  in  your  valuable  Journal  (quarto 
feries,  vol.  II.  p.  235.)  The  brafs  rod  or  the  thick  wire,  which 
conveys  the  eleCtric  fire  through  the  upper  receiver,  has  about 
half  an  inch  of  platina  wire  appended,  to  hang  juft  over  the 
aperture  through  which  the  hydrogen  gas  rifes  at  the  bottom 
in  the  brafs  work.  Zinc  of  any  other  fort  of  metal  would 
either  be  melted  or  readily  oxided.  But  the  other  day,  I  was 
much  furprized  to  fee  the  platina  wire,  on  becoming  as  ufual 
red  hot  from  the  flame  of  the  hydrogen  gas,  melt  into  globules 


description  of  a  elow-pipe. 


as  readily  as  copper  or  brafs  wire  would  have  done.  I  foon  — caufed  by  the 
perceived  from  (he  colour  of  the  flame  of  the  hydrogen  and  v?ljt>hzation 

Z  1  fl  0  J  mSir 

the  depofit  of  white  clouds  on  the  infide  of  the  glafs,  that  the 
rapid  folution  of  the  finely  powdered  zinc  ufed  to  afford  the 
gas,  that  this  metal  was  actually  fnfpended  or  difiblved  in  the 
gas,  and  lienee  the  zinc  acting  to  the  platina  fufed  the  latter. 

It  may  be  perhaps  ufeful  to  know  this  fa£i,  which  occurred 
during  the  public  IeCture, 

Tour’s,  as  ufual, 

AMICUS. 


July  2,  1 804. 


VI. 


Defcription  of  a  Blow- Pipe  a  Ring  by  the  P  re  Jure  of  Water ,  by  the 
Abbe  Melograni.  In  a  Letter  from  Mr.  G.  B.  Greenough. 


To  Mr.  NICHOLSON. 


SIR, 


No.  \5>  Parliament- Street, 

Augujl  13,  1804. 

Permit  me  to  make  you  acquainted  with  the  principle  of  Blow-pipe  fup- 

an  infirument  invented  by  the  Abbe  Melograni,  and  ufed  by 

him  at  the  Royal  Mmeralogical  Colle&ion  at  Naples,  as  a  changing  their 

fubftitute  for  the  blow-pipe.  I  regret  that  I  cannot  fend  you  P°fifi°ns* 

an  accurate  account  of  its  conftru&ion,  as  I  made  no  fketch 

at  the  time,  and  fpeak  only  from  recollection. 

Tw'o  hollow  glafs  globes  of  convenient  fize  were  connected 
together  by  two  brafs  tubes  laid  along- fide  each  other,  one  of 
them  having  a  valve  or  flop  cock,  I  am  not  fare  which,  at 
each  end,  and  a  fide  tube  of  the  fame  metal  going  off  from  the 
middle  at  right  angles.  The  frame  was  attached  to  the  verti¬ 
cal  tubes,  fo  as  to  allow  the  globes  to  circumvolve  each  other. 

Let  the  lower  globe  be  half  filled  with  water  and  inverted; 

Then  the  water  in  A  ( Fig.  2.  Plate  IV.)  running  into  B 
through  the  tube  C,  will  force  a  conftant  fiream  of  air  into 
the  tube  D,  and  thence,  the  upper  orifice  being  clofed,  into 
the  fide-tube  E,  at  the  mouth  of  which  the  candle  is  placed. 

When  the  water  is  nearly  run  out  invert  the  globes. 

If 
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If  the  principle  of  this  inftrument  fliall  appear  to  you  de¬ 
ferring  of  the  public  attention,  it  would  g;ve  me  pleafure  to 
fee  it  fubmitted  to  the  readers  of  your  excellent  Journal.  I  have 
the  honour  to  fubferibe  myfelf, 

Sir, 

Your  obedient  humble  fervant, 

G.  B.  Gueenoucii. 


VII. 


Outlines  of  the  Mineralogical  Syjieins  of  Rome  de  Lijlc  and  the 
Abbe  II auy;  uith  Obfervations.  By  the  Abbe  Buce.  Com¬ 
municated  by  the  linn .  Robert  Clifford. 


To  Mr.  NICHOLSON. 

SIR, 


Outlines  of  the  HEN  the  public  mind  appears  at  any  time  to  dire6l  it- 

mineralogjcal  ^  fel f  towards  a  particular  (cience  (as  it  does  at  prefent  towards 

fy  teems  of  Rome  ...  r  r 

de  Lide,  and  the  mineralogy,)  no  perlon  can  teel  the  neceliity  ot  removing  any 

Abbe  Hauy.  erroneous  opinions  relating  to  that  fcience,  more  forcibly  than 
a  gentleman  who  dedicates  his  time,  as  you  do.  Sir,  to  pro¬ 
pagate  correct  fcience  by  means  of  your  Journal.  Actuated 
by  the  fame  fentiments,  may  I  requeft  the  infertion  of  the  en- 
clofed  paper,  whole  object  is  to  remove  feveral  erroneous 
opinions  relating  to  the  mineralogical  fyftems  of  Rome  de 
L’lfle,  and  of  the  Abb£  Hauy.  It  was  written  by  the  Abb(-  Bu£e 
in  French  tor  a  friend  of  his,  but  on  its  being  communicated  to 
me  by  the  author,  I  requeued  leave  to  fend  an  Englifli  tranf* 
lation  of  it  to  you,  thinking  it  might  be  acceptable  to  thofe 
who  are  fond  of  philofophical  purfuits.  Should  your  opinion 
coincide  with  mine,  you  will  certainly  afford  it  a  place  in  one 
of  your  enfuing  numbers. 

And  I  remain.  Sir, 

Your  very  humble  fervant, 

Robert  Clifford. 

Wclbeck -Street,  July  13,  1304. 


A  Letter 
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A  Letter  from  the  Abbe  Buee  to  Mr.  — ,  on  Mr.  Rome  dc  V  Iflc's 
and  the  Abba  Hauj/’s  Theories  of  C  /  yji  a  l  log  rap  /* ij , 

Str, 

IN  confequence  of  your  requeff,  I  fend  you  the  parallel  of  between 

the  two  Theories  of  Cryflallography,  which  feem  to  divide  R0mede  rifle 
mineralogifls  in  this  country,  thofe  of  Mr.  Romd  deL’Ifieand  and  Hauy. 
of  the  Abbd  Hauy.  You  are  perfectly  acquainted  with  the 
former  theory,  but  nearly  a  flranger  to  the  latter.  Having 
lived  for  fix  and  thirty  years  in  habits  of  intimacy  with  the 
Abbe,  I  dwell  with  pleafure  on  his  works,  and  will  do  my 
ulmoft  to  fatisfy  your  curiofity. 

To  Mr.  de  LTfle  is  due  the  merit  of  having  called  the  at-  De  rifle  firft 

tention  of  naturalifls  to  that  negledted  branch  of  mineralogy,  exhlbl^d  order 

°  C,J  in  cryltaUogra- 

cryflallography;  of  having  difeovered  that  that  branch,  though  phy. 
ncgledled,  was  perhaps  the  moil  intereffing  part  of  mineralo¬ 
gy,  and  the  only  part  which  could  raife  it  to  the  dignity  of  a 
corredf  fcience;  in  fhort,  of  having  difeovered  order,  by  nu¬ 
merous  obfervations  as  ingenious  as  new,  there,  where  a 
Cronffet,  a  Bergman,  a  Buffon,  or  a  Kirvvan  could  perceive 
nothing  but  confution ;  and  thus  feemed  to  refeue  nature  from 
the  charge  of  caprice,  almoff  imputed  to  it  becaufe  great  mi¬ 
neralogies  had  neglected  to  ftudy  its  unerring  laws. 

It  was  exclufively  referved  to  the  Abbd  Hauy  to  point  out,  Hauy  firft  ex- 
to  explain,  and  apply  thofe  laws.  He  demonftrated  where  of  cryfta]Uz«ion 
De  L’ltle  affirmed.  He  difeovered  thofe  hidden  fadis,  which 
he  has  fince  fhewn  to  be  the  mathematical  confequences  of 
facts  obferved  by  De  L’ltle.  It  the  latter  furnifhed  a  part  of 
the  materials,  the  Abbe  has  augmented  and  employed  them. 

The  difeoveries  of  thefe  two  writers  force  me  to  fubdivide 
cryfiallography  into  two  diftinct  parts;  deferiptive  and  phi- 
lofophical;  and  under  thefe  two  heads  I  will  rapidly  deferibe 
the  labours  of  each  author. 

Deferiptive . — The  mod  important  part  of  Mr.  de  LTfle’s  Deferiptive  cry- 
work  confids  in  his  cryflaltographical  tables.  In  each  of  thefe  stables 

tables  (feven  in  number)  he  deferibes  one  of  the  principal 
forms  atfumed  by  cryftals,  and  then  delineates  the  different 
modifications  of  which  that  form  is  fufceptible,  by  means  of  dif¬ 
ferent  troncations  (troncature)  as  he  calls  them. 

For  elucidation,  let  us  take  a  cube,  the  primitive  form  of  Modifications  of 

the  fecond  table.  A  cube,  it  is  known,  has  fix  faces,  eight  cryftals  defcribed 

f  ..  by  troncations. 
lolld  Infiance  the 
cube. 
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folid  angles,  and  twelve  edges.  It  the  cube  be  truncated  in 
a  parallel  to  one  of  its  faces,  a  re&angled  paraUelipipedon  will 
be  produced,  and  the  equality  of  the  faces  will  be  defiroyed. 

It  the  eight  folid  angles  of  the  cube  be  liruck  off,  eight 
new  faces  w  ill  leplace  the  eight  folid  angles,  and  in  place  of 
fix  tides  we  Ihall  have  fourteen.  If  the  twelve  edges  be  taken 
off,  twelve  new  faces  will  fuccced  the  ftrait  lines,  and  the 
folid  will  have  eighteen  Tides.  Such  are  De  L’lfle’s  Jimplc 
troncations.  They  may  be  then  combined  w  ith  each  other,  and 
made  more  or  lefs  deep;  hence  an  immente  variety  of  new 
figures.  But  thefe  new  forms  again  may  be  truncated  in  the 
directions  either  of  their  faces,  folid  angles,  or  edges  and 
thefe  new  troncations  more  or  lets  deep,  called  by  De  L’lfie 
far-tvoncatures,  may  alfo  be  combined  wuth  each  other.  Here 
the  forms  mull  multiply  to  infinity,  and  their  boundlefs  num¬ 
bers  will  loon  bury  the  primitive  cube  in  oblivion. 

It  mull  not  be  fuppofed  that  nature  has  furniflied  us  with  this 
infinite  feries  of  forms;  indeed  Mr.  De  L’lfie  in  his  tables  has 
only  mentioned  thofe  he  had  obferved,  with  fome  few  addi¬ 
tional  fuppoutious  figures,  of  which  teveral  have  been  fince 
difeovered  to  exifi. 

Account  of  This  ingenious  naturalifi  has  given  us,  as  I  have  already 

De  rifle’s  feven  feven  cry  ftallographical  tables.  In  the  1  ft  he  deferibes 

tables  of  cryftals.  ,  .  ,  .  .  .  , 

the  tetrahedron  and  its  modifications;  in  the  2d  the  cube;  in 

the  3d  the  rectangular  oclahedron ;  in  the  4th  the  rhomboidal 

paraUelipipedon;  in  the 5th  the  rhomboidal  o&ahedron;  in  the 

6'th  the  dodecahedron,  with  triangular  faces,  and  to  each  are 

fubjoined  their  refpeClive  modifications.  The  objeCt  of  the 

7th  table  is  to  point  out  certain  modifications  of  the  oCiahe- 

dron  and  paraUelipipedon,  whether  rectangular  or  rhomboidal. 

Plates  accompany  each  table,  w'here  the  figures  are  drawm, 

and  in  the  obfervations  and  notes  on  them  are  to  be  found  the 

meafures  of  the  principal  angles. 

Thefe  cryftallographical  tables  exhibit  only  general  repre- 

(entations  of  folids,  which  Mr.  de  L’lfie  in  the  courle  of  his 

fequently  applied  w  ork  applies  to  the  different  cryfials  which  had  already  been 

to  the  cryftals  difeovered,  and  fallen  within  his  obfervation.  His  work  con- 

Jaltiy Jlones,  and  °f  three  parts.  In  the  firft  he  treats  of  faline  cryftals;  in 

the  fecond  of  Honey  ( pierreux )  cryftals,  and  in  the  third  of 

metallic  cryftals.  Thofe  of  the  firft  clafs  are  artificial,  thofe 

of  the  two  latter  dalles  are  natural  cryftals,  and  are  fubdivided 

into  genera,  fpecies,  and  varieties. 


They  contain 
general  folids  ; 
which  art  fub- 


mttals. 


When 
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When  treating  of  a  fpecies  or  of  a  variety,  he  refers  his  His  method  of' 
reader  to  the  table  where  the  figure  of  that  fpecies  or  variety  ddcripuon. 
is  to  be  found,  and  lie  then  enumerates  every  thing  relating  to 
minerals  atfuming  that  crydalline  form:  But  I  cannot  termi¬ 
nate  this  tketch  better  than  by  the  following  extract  from  the 
Abbd  Hauy’s  treatife  on  mineralogy. 

*'  In  fliort  Rome  de  L/Ide  reduced  the  dudy  of  crydallogra-  Quotation 
phy  to  principles  more  exa<5t  and  more  confident  with  °bl'er- fummary  0f 
vation.  He  claffed  together,  as  much  as  he  was  able,  cryftals  De  rifle’s  la- 
of  the  fame  nature.  From  among  the  different  forms  belong-  ours* 
jngtoeach  Ipecies,  he  felefted  one  which  appeared  to  him  to 
be  the  mod  proper,  on  account  of  its  fimplicity,  for  the  primi¬ 
tive  form,  and  then  fuppofing  it  to  be  truncated  in  different 
manners,  he  deduced  the  other  forms,  and  edabhdied  a  cer¬ 
tain  gradation  or  feries  of  padages  from  the  primitive  form  to 
that  of  polyedrons  which  would  fcarcely  appear  to  have  any 
connection  with  it.  To  the  deferiptions  and  figures  which  he 
gave  of  the  cryftalline  forms,  he  added  the  mechanical  mea- 
iurement  of  the  principal  angles,  and  he  dievved  (a  modelfen- 
tial  point)  that  thefe  angles  were  conltantly  the  tame  in  each 
variety.  In  a  word,  his  crydallography  is  the  fruit  of  immenfe 
labour  by  its  extent;  almod  entirely  new  in  its  object,  and  of 
great  value  for  its  utility.”  (Vol  I.  page  17.) 

The  AbbC  Hauy  in  his  treatife  on  mineralogy  embraces  a  The  mineralogy- 
far  greater  extent  than  Mr.  de  L/Ide.  His  mineralogy  is  not  °*  Hail7  *s  not 

0  .  .  .  OJ  merely  defcrip- 

only  deferiptive,  but  it  is  phydeal,  chymicai  and  geometrical,  tive,  but  phyfi- 

In  the  perfuafion  that  a  mineral  cannot  be  well  deferibed,  nor  cal>  chermcal 

r  .  .  i  r  •.  i  r  i  ,  and  geometrical, 

even  in  many  cates  recognized,  unlels  its  phylical,  chemical, 

nnd  geometrical  characters  are  clearly  laid  down,  the  Abbd 
never  omits  any  one  of  thofe  characters  when  afeertained,  and 
expofes  with  the  mod  fcrupulous  exaftnefs  every  thing  relating 
to  them  that  obfer vation  has  authenticated.  He  has  bedowed  Elettricity. 
particular  attention  to  the  electrical  and  magnetic  phenomena,  Magnetifm. 
and  ha*  enriched  the  fcience  with  a  multitude  of  new  and  cu¬ 
rious  obfervations.  He  attentively  examined  the  property  of  Double  refrac- 
double  refraCtion,  which  feveral  tranfparent  minerals  enjoy  ;tl0n" 
and  here  again  he  has  extended  the  boundaries  of  fcience.  A 
few  minerals  were  known  to  podefs  this  property,  and  the 
Abb£  has  difeovered  it  in  feveral  where  it  had  never  been 
furmifed. 

When  we  condder  that  writers  on  mineralogy  have  hitherto  Hauy  has  ex- 
grounded  their  fydems  exclufwely,  fome  on  the  exterior  cha-  th^habaude^ 

rafters. 
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Clarification, 
chemical:  in^ 
veftigation  by 


or  properties  of  raciers,  others  on  the  chemical  properties  of  mineral*,  and  that 
a  “  the  Abbe  really  has,  purfuant  to  his  plan,  (fee  in  the  begin¬ 

ning  of  the  volume  of  plates.  La  dijlribution  viethodique  dci 
miner aux,  par  clajfes,  ordres ,  Genres  et  cfpeces ,  the  methodical 
didribution  of  minerals  into  dalles,  orders,  genera,  and  fpecies) 
united  all  that  has  hitherto  been  difeovered  on  mineralogy, 
without  falling  into  that  confufion  which  has  ever  been  im¬ 
puted  toother  mineralogical  writers,  we  are  almod  adonifhed 
at  his  tuccels.  “  To  clafs  minerals,  to  furnirti  the  means  of 
dilcovering  to  which  clafs,  genus,  and  fpecies  a  mineral  under 
examination  belong*,”  are  the  two  great  problems  which  the 
Abbe  Hauy  propofes  for  folution. 

He  folves  the  lird  in  following  Bergman’s  method  (founded 
on  chemical  properties)  much  improved  by  the  immenfe  pro- 
external  charac- grefs  which  chemical  analytis  has  made  fince  the  days  of  that 
ter"‘  great  chemift.  In  the  folution  of  the  fecond  he  follows  Wer¬ 

ner’s  method  (grounded  on  exterior  characters) but  corroborated 
by  a  multitude  of  new  experiments,  ealily  made  and  brought 
to  a  furprizing  degree  of  corrcClnefs  by  the  Abbe’s  own  la¬ 
bours  on  the  forms  of  crydals.  But  I  perceive  that  the  im- 
menfity  of  matter  contained  in  this  treatife  is  leading  me  from 
that  point  which  I  had  particularly  in  view,  I  mean  cry  ftal- 
lography. 

In  the  defeription  of  cryftals  the  Abbe  employs  three  dif¬ 
ferent  means.  1(1  He  draws  their  figure;  he  does  not  give 
cryltallographical  tables  as  Rome  de  L’Ide,  which  are  only 
general  properties,  but  draws  feparately  each  fpecies  and  va¬ 
riety.  Every  form  given  in  the  plates  has  been  examined  by 
himfelf;  he  has  calculated  every  angle,  and  neverthelefs  his 
plates  contain  one  third  more  figures  than  De  L’llles  tables. 
i .  By  fymbolic  2d  He  makes  ufe  of  fymbolic  figns,  than  which  nothing  can  be 

Cgns  ddigruting  more  fimple  and  were  invented  not  to  recall  the  form  of  the 
the  laws  ot  their  r 


Hauy’s  deferip- 
tion  of  cryftals, 
i.  by  delmea- 

tion. 


production. 


3.  By  nomen¬ 
clature. 


cryftal  to  the  mind,  but  the  laws  by  which  it  has  been  produced. 
Yet  I  have  met  with  perfons,  who  were  lb  accudomed  to  thcle 
figns,  that  at  fird  fight  of  them  they  could  immediately  figure 
to  them  (elves  the  form  of  the  correfponding  cry  dais.  Thele 
figns  can  alfo  be  fpoken,  and  much  circumlocution  in  confe¬ 
rence  avoided.  3d  A  fignificant  nomenclature  fubdivided 
into  general  and  particular.  The  general  is  for  the  minerals , 
and  compriles  only  lubfiantivcs ;  the  particular  for  the  ayjials , 
and  is  entirely  compoled  of  adjectives.  He  dudioufiy  avoided 

4*  introducing 
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introducing  new  names,  and  neverthelefs  has  been  obliged  to 
introduce  many,  where  new  fubdances,  names  capable  of 
giving  falfe  imprefiions,  or  others  void  of  fignification  and  un- 
fupported  by  long  ufage,  required  it.  f  ie  then  fubftituted  names 
taken  from  the  Greek;  a  language,  he  fays,  that  eminently 
enjoys  the  faculty  of  combining  feveral  word^  together,  fo  as 
to  form  one  reprefenting  concifely  the  object  to  be  named. — 

The  adjectives  ufed  in  the  nomenclature  of  the  cry  dais  alfo  al¬ 
lude  to  tome  remaikable  circum fiance  of  the  cryftalline  form. 

I  fliall  now  proceed  to  philofophieal  cryttallography,  which  Philofophical 
might  be  called  the  philofophy  of  mineralogy.  It  does  not  cryftall0S!aphy« 
confilt  in  fearching  for  the  primary  caufes  of  phenomena,  no¬ 
thing  can  be  lefs  philofophical  than  fuch  a  refearch ;  primary 
caufes  will  ever  be  beyond  the  reach  of  the  human  mind! 

The  immortal  Newton  was  the  fidt  to  point  out  to  us  by  the 
method  followed  in  his  admirable  book  of  the  Principia,  that 
the  only  true  philofophical  way  of  treating  a  phyfical  fcience, 
or  of  explaining  a  natural  faCt,  was  to  demondrate  that  it  was  The  truemethod 

the  mathematical  confequence  of  a  genera)  law,  grounded  °f  exPiainingl 

r  r  \  ,  ,r  .  .  phyfics  is  to  fhew 

on  an  aggregate  of  facts  already  oblerved  and  capable  that  the  fads 


are 


of  corredt  calculation.  If  any  one  of  thefe  conditions  are  ™ ^e^tifcallJr 
wanting,  we  immediately  launch  out  into  hypothecs,  ex  pia- 

general  law. 

nations  become  vague,  and  however  much  we  may  be  per-  Hypothecs, 
fuaded  of  the  truth  of  our  aflertions,  we  can  acquire  no  cer¬ 
tainty. 

Let  us  apply  thefe  principles  to  our  two  writers.  De  L’lfle,  The  method  of 
in  declaring  that  the  various  forms  obferved  in  cry  dais  of  the  ^!wn  to  be^e- 
fame  fubdance  are  only  modifications  of  one  condant  primitive  hcient  in  cor- 
form,  certainly  announced  a  mod  important  truth.  It  was  are<^net* 
flafh  of  genius;  but  in  a  philofophical  enquiry,  to  prove  it  and 
not  dmply  to  fay  it,  was  the  necedary  dep.  On  the  fird  in- 
fpeCtion  of  his  crydadographical  tables,  a  dudent  is  tempted 
to  think  that  important  truth  demondrated;  but  on  a  clofer  ex¬ 
amination,  the  impredion  is  done  away.  The  fame  order  per¬ 
vades  every  table.  By  dight  padages  the  dudent  is  led  from 
the  drapler  to  the  more  compound  forms,  and  after  every  paf- 
fage,  is  tempted  to  fay  ;  this  can  only  be  a  modification  of  the 
primitive;  then  when  the  real  cry  dais,,  and  the  figures  of  the 
tables  are  compared  together,  and  all  thofe  of  the  fame  fpecies 
(with  a  very  few  exceptions)  are  found  in  the  fame  table, 
how  eafy  it  is  toperfuade  ourfeives  that  nature  muft  operate  by' 

fimilar 
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a#i«?  may  be 

employed  to 
eftab.ifh  falfliood 


On  the  moft 
finople  form. 


The  fyft°m  of 
truncations  is 
the  moft  ob¬ 
vious. 


fimllar  pafi'agcs  when  producing  the  various  forms  of  cryftats; 
and  the  primitive  of  the  table  before  us  mujl  be  the  primitive  ot 
the  cryftal  under  examination.  In  a  word  it  is  the  moft  fimple 
form  ;  and  firft  imprefiions  greatly  (Lengthen  the  illufion.  If 
perfuafion  was  the  foie  object  of  philofophy,  De  L/Ifle  would 
have  been  a  powerful  philofopher;  but  philofophy  muft  con¬ 
vince,  demonllrale,  and  wreft  confent,  however  violently  op- 
pofed.  An  enemy  muff  not  therefore  be  able  to  make  ufe  of 
the  tame  arms,  or  adduce  the  fame  proofs  to  efcablifh  a  con¬ 
trary  opinion.  Neverthelefs  fuch  would  be  cafe  with  Mr. 
De  L’llle’s  tables  and  the  application  of  them  :  For  it  is  an  in- 
conteflable  fa<5t,  that  by  a  feries  of  arbitrary  troncations  we 
maypafs  infenfibly  from  anygiven  form  to  any  other.  Grounded 
on  this  principle,  and  feconded  by  Mr.  de  L’lfle’s  ingenuity, 
any  form  may  become  primitive,  and  any  other  deduced  from 
it.  Now  as  the  combinations  are  infinite,  a  multitude  of  tables 
may  be  conftrudfed,  forms  of  the  fame  fpecies  may  be  dif- 
perfed  in  different  tables:  the  moft  fiimple  of  each  table  will 
be  the  primitive,  therefore  forms  of  the  farce  fpecies  will  have 
different  primitives.  But  when  by  the  fame  principle  both 
tides  of  the  queftion  can  be  proved,  nothing  is  proved. 

To  fay  the  moft  fimple  form  mtlft  be  the  primitive  is  an  il- 
lufion,  for  we  know  not  what  is  the  moft  fimple  for  nature. 
With  our  feeble  organs  and  confined  fenfes  we  can  form  no 
judgment  of  fimple,  when  the  operations  of  nature  are  in 
queftion.  Nature  embraces  the  entire  univerfe,  her  laws  are 
fimple;  but  the  combinations  made  according  to  thofe  laws 
are  unbounded,  therefore  complicated. 

Let  us  not  forget,  however,  that  the  idea  of  troncations, 
and  the  idea  of  taking  the  moft  fimple  form  for  the  primitive, 
are  fo  natural  that  they  mud  have  been  the  firft  to  prel'ent 
themfelvesto  the  man  who  was  opening  the  carreer:  “  Often, 
fays  the  Abb6  Hauy,  (vol.  I.  page  14)  a  more  compound  form 
only  differs  from  a  more  fimple  one  by  certain  little  faces  which 
may  be  produced  by  fe&ions,  either  at  the  foiid  angles,  or  on 
the  edges  of  the  fimpler  form,”  and  in  a  note  he  fays,  **  this 
was  the  obfervation  which  gave  the  celebrated  Rome  de  L’lfle 
the  idea  of  his  fyftem  of  troncations,  that  he  might  fuccef- 
fively  deduce  from  each  other  the  different  varieties  of  cryftal- 
line  forms  affumed  by  the  fame  fubftance.” 


Mr. 
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Mr.  De  L’lfie  terminates  the  introduction  to  his  work  by  De  rifle’s  pro¬ 
certain  axioms,  as  he  ffyles  them,  the  2d  and  16th  are  as  fol-  P0icdaxl0m* 
low : 

“  II.  Every  angular  polyhedron,  or  every  cryffallized  fub- 
ftance  is  a  salt  in  the  mott  extended  acceptation  of  that 
term.” 

**  XVI.  Every  faline  fubftance  whole  conflituent  parts  are 
perfectly  faturated  and  combined  affects  the  cubic  form,  or  its 
inverfe  th e  octahedron  ;  whereas  thefalts  which  are  not  neuter, 
or  whofe  conftituent  parts  are  not  exactly  combined,  affecl 
either  the  prijinatic  or  the  rhomboidal  forms.” 

I  need  fcarcely  obferve  that,  to  treat  thefe  axioms  only  as 
doubtful,  would  be  treating  them  kindly.  The  other  axioms 
are  matters  of  fact,  from  which  he  draws  no  confequence,  and 
indeed  it  would  have  been  difficult  for  him  to  have  drawm  any. 

The  Abbe  Hauy  does  not  undertake  to  prove  generally,  that  Hauy’sexhibi- 
among  the  different  cryffalline  forms  of  the  fame  fubftance,  one  tlon  °f  the  pyi- 
of  them  is  the  primitive;  but  he  produces  that  primitive  form  cryftals,  W 
from  each  eryffal,  which  is  always  ffmilar  in  ffmilar  fubffances. 

He  demonffrates  it  analytically  and  fynthetically ;  by  an  ana-  by  analyfis  and 
lyfis  which  might  be  called  mineralogical  analyfa,  and  pointed  fynthefis. 
out  by  nature  herfelf;  By  a  fynthefis  hitherto  the  property  of 
mathematicians,  but  here  fupported  by  the  general  laws  which 
his  analyfis  has  revealed  to  him.  The  conffant  accord  found 
between  this  fynthefis,  and  daily  observation  is  a  proof  of  the 
exa&nefs  of  his  method. 

Two  faCts  were  the  foundation  of  his  theory  :  1.  In  all  times  Fundamental 
jewellers  and  lapidaries  have  remarked  that  ftones  are  more  ^s*  I*cOr“ 
eafily  cut  in  fome  certain  directions  than  in  others.  2.  Who-  jn  certain  di-  & 
ever  has  been  in  the  habit  of  feeing  natural  cryftals  muff;  have  re&ions  only  j 
obferved,  that  when  their  forms  are  well  determined,  they  are  daVies^are  Tight- 
always  terminated  by  plane  furfaces.  Thus,  fays  the  A bb£,  lined  or  plane, 

“  thofe  foft  outlines,  and  that  roundnefs  fo  frequent  in  the  ani¬ 
mal  and  the  vegetable  kingdom,  where  they  are  inherent  to 
the  organization,  and  contribute  even  to  the  elegance  of  the 
forms,  indicate  on  the  contrary  in  minerals  a  want  of  per¬ 
fection.  The  characteriffic  of  true  beauty  in  minerals  is  the 
ffrait  line,  and  it  was  with  truth  that  Romd  de  L’lfle  declared 
that  line  to  be  the  peculiar  property  of  the  mineral  kingdom.” 

The  firff  fatd  fuggeffed  the  mineralogical  analyfis,  and  the  fe- 
cond  furnifhed  him  with  the  laws  on  which  he  grounded  his 
fynthefis. 

Vol.  IX. — September,  1804.  D  Enquiries 
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Enquiries  on  the  Jirjl  Fa6t. 

On  the  analyfis  1.  All  cryftals  that  can  be  fplit  by  means  of  inftruments,  of- 

of  cry ftals^into  ^er  to  ^ie  v*evv>  If  fplit  in  certain  dire&ions,  plane  and  fmooth 
regularly  formed  furfaces.  If  divided  in  other  dire&ions,  the  fracture  is  rugged. 
fTu re! S  J  ufe  the  word  fplit,  and  not  faveed  or  cut,  as  the  fe&ions  of  the 

cryftal  are  not  to  be  obtained  by  flow  and  continued  efforts,  but 
by  fudden  (hocks.  Patience,  dexterity,  and  habit  enabled  the 
Abbd  to  fplit  a  great  number  of  cryflals ;  in  all  he  difeovered 
plane  fmooth  furfaces  when  fplit  in  certain  directions,  but  when 
in  other  directions,  the  fracture  was  always  rugged  and  irregu¬ 
lar.  I  requeft.  Sir,  your  attention  to  this  important  faCt,  it  is 
fundamental,  and  the  more  important,  as  feveral  perfons  of 
much  general  information  have  negleCied  to  attend  to  it,  and. 
It  is  experiment  at,  in  confequence,  have  fuppofed  the  whole  of  this  theory  to  be 
grounded  on  hypothefis.  It  would  be  equally  erroneous  to 


troncations  of 
De  rifle  were 
hypothetical. 


confound  thefe  feCiions  of  cryftals  with  De  L’llle’s  troncations. 
The  latter  indeed  warns  his  readers,  that  bv  the  word  tronca - 
tions  he  withes  only  to  figure  the  appearance  of  the  cryftal  ex¬ 
amined.  They  are  not  therefore  real,  but  only  a  means  of 
warping  the  imagination  to  the  exterior  form  of  the  cryftal,  and 
are  by  their  nature  only  deferiptive.  The  AbbC  Hauy’s  lec¬ 
tions  are  real,  and  are  pointed  out  to  the  obferver  by  the  inte¬ 
rior  ftruCIure  of  the  cryftals ;  they  are  experimental. 

The  inclinations  2.  The  plane  fmooth  furfaces  obtained  by  the  above  method 
•onffan?0”5  ***  are  re^Pe^i ve*y  parallel  to  3,  4*  or  6  planes.  The  mutual  in¬ 
clination  of  thefe  planes  to  each  other  are  conftant  in  cryftals 
of  the  fame  fubftance,  whatever  may  be  the  exterior  form  of 
the  cryftal.  Native  antimony,  pholphate  of  lead,  and  quartz 
feem  to  (hew  an  appearance  of  more  than  fix  planes,  and  the 
Abbe  Hauy  leans  to  the  opinion  of  only  five  planes  in  fome 
cafes ;  but  as  thefe  are  exceptions  to  the  general  rule,  and 
would  only  tend  to  complicate  this  ftatement,  I  (hall  take  no 
further  notice  of  them. 

Explanation  of  Let  us  fuppofe  the  fmooth  furfaces  to  be  only  parallel  to  three 

the  figures  and  p]anes>  or  in  other  words,  that  the  fubftance  will  only  Iplit  in 
cryftals  bv  the  three  direClions,  in  that  cafe  the  fe&ions  can  only  produce  a 
method  of  Hauy.  parallelipipedon,  whofe  nature  is  determined  by  the  mutual  in¬ 
clination  of  the  planes  to  each  other.  If  the  planes  are  per¬ 
pendicular,  it  will  be  re£tangular,  8zc. 

We  next  fuppofe  the  fmooth  furfaces  to  be  parallel  to  four 
planes.  Here  a  diftinftion  arifes,  whether  three  of  thefe  planes 

4  have 
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have  a  common  inlerfeclion  or  not;  and  it  mu  ft  be  remem-  Explanation  °f 
bered  that  if  the  four  planes  have  a  Common  interfedlion,  tion^f0 

folid  can  be  produced,  as  they  can  neither  bound  nor  include  cryftals  bv  the 
a  fpace.  If  therefore  three  of  the  four  planes  have  a  commonme^^#t  HiU,T' 
interfedlion,  the  fplittings  will  produce  either  one  hexahedral 
prifm,  or  three  parallelipipedons,  which  will  be  fimilar  or  dif- 
fimilar,  according  to  the  flinilarity  or  diflimilarity  of  inclina¬ 
tion  of  the  planes,  or  one  triangular  prifm.  On  the  contrary, 
if  the  four  planes  only  interfedt  each  other  two  and  two,  there 
will  be  produced  either  one  odtahedron,  or  four  parallelipipe¬ 
dons,  or  one  tetrahedron. 

Laftly,  let  us  fuppofe  the  fmooth  furfaces  to  be  parallel  to 
fix  planes;  then  there  arife  an  immenfe  number  of  cafes. — 

But  we  will  lor  the  prefent  confine  ourfelves  to  the  only  cafe 
that  has  hitherto  been  obferved  in  nature  :  Where  the  inter- 
fedtion  of  the  planes  is  two  and  two,  then  we  obtain  either, 

1.  dodecahedron  with  pentagonal,  quadrilateral  or  triangular 
{ides,  according  to  the  fedtions  made,  or  fifteen  odtahedrons, 
or  twenty  parallelipipedons,  or  fifteen  tetrahedrons.  It  may 
be  proper  to  obferve  here  that  though  the  fed! ions  parallel  to 
the  fix  planes  may  be  clearly  indicated,  neverthelefs  it  rarely 
happens  they  can  all  be  executed,  but  it  will  fuffice  for  the 
purpofes  of  geometry  that  they  be  clearly  indicated  to  render 
the  confequences  drawn  from  them  mathematically  corredt. 

Having  laid  down  thefe  premifes,  let  us  proceed  to  the  dif- 
fedtion  of  a  cryfial  of  carbonate  of  lime  (the  fpath  calcaire  of 
He  L’llle)  whofe  primitive  form  is  a  rhomboid  or  a  parallel ipi- 
pedon  bounded  by  rhombs.  Hitherto  fedt ions  have  only  been 
obtained  in  the  three  directions  parallel  to  its  fides.  If  thefe 
fedtions  be  diredted  fo  as  to  always  pafs  through  the  center  of 
two  oppofite  fides,  they  will  produce  eight  rhomboids  equal 
to  each  other,  and  fimilar  to  the  original  one.  The  fame 
operation  may  be  repeated  oneach  of  thefe  eight  rhomboids,  and 
continued  fo  long  as  the  lubllance  remains  carbonate  of  lime, 
that  is  to  fay,  to  be  a  combination  of  55  parts  of  lime,  34? 
of  carbonic  acid,  and  1 1  parts  of  water  of  cryftallization  :  — 

(fee  Bergman.)  But  this  divifion  of  the  cryftals  into  fimilar 
1  olicls  has  a  term,  beyond  which  we  thould  come  to  the  Imalleft 
particles  of  the  body,  which  could  not  be  divided  without 
chemical  decompofition  ;  that  is  to  fay,  w  ithout  an  alteration 

D  2  in 
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the  figures  and 
formation  of 
cry  fiats  by  the 
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in  the  proportions  of  lime,  carbonic  acid,  and  water.  Thefe 
lad  particles  which  are  Hill  rhomboids,  are  what  the  Abbf 
Hauy  calls  (he  integrant  particles  of  the  carbonate  of  lime.  In 
the  fuppofition  therefore  that  a  rhomboid  of  this  fubltance  can 
only  be  divided  in  three  directions,  by  feftions  parallel  to  the 
tides,  it  is  evident  that  the  integrant  particles  mult  be  fimilar 
rhomboids. 

If  a  cryftal  can  be  divided  by  feftions  in  more  directions 
than  three,  what  will  be  the  form  of  the  integrant  particles  ? 
For  example,  in  the  phofphale  of  lime  (the  chrvfolite  of  De 
L’lfle)  where  the  feftions  are  parallel  to  four  planes,  three  of 
which  have  a  common  interfeCtion.  According  to  what  has 
been  faid above,  thefe  feftions  can  produce  either  one  hexahe- 
dral  prifm,  or  three  parallelipipedons,  or  one  triangular  prifm. 
It  is  evident  that  by  carrying  the  divifion,  according  to  thofe 
factions,  to  its  greated  length,  either  the  la  ft  hexahedral  prifm, 
or  the  lad  three  parallelipipedons,  or  the  lad  triangular  prifm, 
will  be  produced.  Are  thefe  lad  folids  the  integrant  parti¬ 
cles;  are  each  of  them  fo ;  or  is  there  only  one  of  them  en¬ 
titled  to  that  denomination  ;  and  if  only  one,  which  of  them  ? 
My  anfwer  is,  only  one  of  them  ;  and  that  one,  the  triangular 
prifm,  which  may  be  proved  thus. 

It  cannot  be  denied  that  the  integrant  particle  is  that  little 
folid  which  contains  the  lead  pofiible  quantity  of  the  body, 
without  affecting  the  chemical  compolition  of  the  fubdance. 
This  granted,  let  us  fuppofe  the  hexahedral  prifm  to  be  the  in¬ 
tegrant  particle.  In  that  fuppofition  the  lad  triangular  prifm 
mud  contain  the  lad  hexahedral  prifm,  and  is  equal  to  the 
latter  nrore  three  little  triangular  prifnos,  or  in  other  words  fo 
nine  fimilar  triangular  prifms,  while  the  hexahedral  prifm  only 
contains  fix.  But  the  lad  triangular  prifm  and  the  lad  bexa- 
hedral  prifm  each  contain  an  exaft  proportion,  and  therefore 
a  fimilar  proportion  of  chemical  component  parts;  therefore 
their  difference  alfo  contain  an  exact  proportion  ;  but  it  is  im- 
poffible  to  conceive  how  their  difi’erences  can  contain  the  ex- 
aft  proportion,  unlefs  each  of  the  three  little  triangular  prifms 
aifo  contain  it,  they  mud  therefore  contain  if,  and  each  of 
them  mud  be  an  integrant  particle;  therefore  the  hexahedral 
prifm  cannot  be  one  ;  neither  can  the  parallelipipedons  be  in¬ 
tegrant  particles,  as  the  fame  arguments  will  Band  good  againd 
them  which  have  been  applied  to  the  hexahedral  prifm  ;  there¬ 
fore 
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fore  the  triangular  prifm  rauft  be  the  integrant  particle  :*  Explanation  of 
,  .  .  .  .  r  the  figures  and 

M  The  forms  of  the  integrant  particles,  fays  the  Abb(:  (vol.  I.  formation  of 

page  30)  may  be  reduced  to  three,  the  tetrahedron  or  t tie  moft  cryitals  by  the 

timpleof  pyramids,  the  triangular  prifm  or  the  moft  fimple  of  Hauy. 

prifm*,  and  the  parallelipipedon  or  the  moft  ft m pie  of  iolids, 

having  parallel  fides  two  and  two,  and  as  four  fides  are  ne- 

ceffary  to  circumfcribe  a  (pace,  it  is  evident  that  the  above 

three  forms  in  which  the  number  of  fides  are  fucceftively  four, 

five  and  fix,  are  again  in  this  point  of  view  the  moft  fimple 

poftible.” 

The  phofphate  of  lime  or  chryfolite  is  a  fubftance  that  has 
given  rife  to  much  curious  anecdote.  It  thews  in  what  a  ftale 
Abbe  Hauy  found  the  mineralogical  nomenclature,  and  points 
out  the  accuracy  of  his  analytical  method.  Achard,  achemift 
at  Berlin  had  analyfed  the  chryfolite,  and  publifhed  that  it  con¬ 
tained,  of  filex  15  parts,  alumina  64,  lime  17,  and  of  iron 
one.  This  ftartled  the  celebrated  Vauquelin,  who  had  feen 
Klaproth’s  analyfis  of  the  chryfolite  (the  apatite  of  Werner) 
containing  of  lime  55  parts,  and  of  phofphoric  acid  45,  (pro¬ 
bably  the  water  of  cryftallizalion  is  added  to  the  acid.)  A 
Frenchman  of  the  name  of  Launoy  lent  a  quantity  of  this  fub¬ 
ftance  to  Paris,  fome  of  it  was  purchafed  by  the  Ecole  des 
Mines,  and  Vauquelin  was  defired  to  analyfe  it.  The  latter 
foon  fufpe&ed  Achard  had  been  mitled  by  the  name,  and  had 
not  obtained  the  proper  fubftance,  a  miftake  the  more  eafily 
made  as,  fays  Vauquelin,  the  name  of  chryfolite  was  given 
to  a  great  variety  of  flones,  fuch  as  the  peridot,  the  chryfoberil, 
the  olivine,  (ft nee  found  to  be  the  fame  as  the  peridot),  and  in 
general  to  fiones  having  a.  yellow  colour.” 

He  foon  difeovered  the  chryfolite  fent  from  Spain  contained 
lime  and  phofphoric  acid.  “  I  had  no  fooner  made  this  dif- 
covery,  fays  he,  than  I  enquired  of  Abb6  Hauy  whether  he 
had  compared  the  integrant  particles  of  the  chryfolite  with 
thofe  of  the  apatite  or  cryftallized  phofphate  of  lime.  He  an- 
fwered  me  that  he  had  not  made  the  comparifon,  but  that  he 
would  get  his  papers  on  primitive  forms,  (this  was  four  years 
before  the  publication  of  his  work)  fee  what  notes  he  had 


*  Therefore  the  feCtions  producing  the  hexahedral  prifm  cannot 
lead  to  the  integrant  particle  :  therefore  all  feCtions,  though  per¬ 
fectly  practicable  in  cryitals,  will  not  lead  to  the  integrant  particle. 

made 
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Exp  anation  of  made  on  each  of  thofc  fubfiances,  and  immediately  compare 
tlwfi  urcsand  ij,em  together;  when  with  pleafure  lie  found  that  there  was 
cryftals  by  the  not  ^ie  variation  between  them.  Thus  had  the  Abbd 

Ritthod  of  Hauy.  Hauy  difiovered  by  the  help  of  geometry  alone,  that  which  was 
confirmed  by  chemical  analyfis,  and  this  fatisfa<5lory  accord 
between  two  fciences  apparently  fo  difiant  from  each  other, 
while  fecuring  each  others  fieps,  ferves  alio  to  (hew  the  cer¬ 
tainty  of  the  principles  on  which  they  are  grounded.” 

Journal  des  Mines,  xxxvii.  page  21. 

A  more  lingular  anecdote  is  what  took  place  with  refpect  to 
the  emerald  and  the  berii.  Vauquelin  had  analyfed  the 
emerald  of  Prerou,  and  lead  the  refult  of  it,  at  a  fitting  of 
the  Ecole  des  Mines ,  which  is  prefer ved  in  the  Journal,  No. 
XXXVIII.  page  96 :  viz.  of  filex  64,  of  alumina  29,  oxide 
of  chroma  3,  of  lime  one,  and  of  volatile  fubfiance  2;  I 
have  negle&ed  decimals.  Soon  after  he  difeovered  a  new 
earth,  which  he  called  the  Glucine,  and  gives  the  following 
account  of  it  to  the  National  Infljtute:  “  The  Abbd  Hau)' 
having  obferved  a  perfect  conformity  between  the  firu&ure, 
the  hardnefs,  and  the  weight  of  the  berii  and  the  emerald, 
prefied  me  a  few  months  back  to  make  an  analyfis  of  thefe 
two  fubfiances,  to  know  whether  they  contained  the  fame 
principles,  and  in  fimilaf  proportions.  In  the  refult,  the  fact 
that  will  mod  intereft  the  Inftitule  is  the  difeovery  of  a  new 
earth,  &c.  Szc.”  Annales  de  Chimie ,  vol.  XXVI.  p.  157. 

I  am  certain,  Sir,  that  it  will  give  you  no  lefs  pleafure  to 
learn  that  Vauquelin,  in  confequence  of  this  difeovery,  made 
an  addition  to  the  paper  read  at  the  Ecoles  des  Mines,  beginning 
thus,  “  Since  the  reading  of  the  above  paper,  having  dif¬ 
eovered  a  new  earth  in  the  berii,  and  as  tins  fione,  according 
to  the  obfervations  made  by  Hauy,  contained  fubfiances  fimi¬ 
lar  to  the  emerald,  I  have  in  that  point  of  view  made  a  new 
anab  fis  of  this  latter  fione.”  And  the  former  analyfis  was 
immediately  corrected,  and  the  29  parts  of  alumina  became 
16  parts  of  alumina  and  13  of  a  new  earth.  I  hope.  Sir,  it  is  not 
too  much  to  fay  that,  on  this  occafion  a  new'  earth  was  dif¬ 
eovered,  if  not  by,  at  lead  in  confequence  of,  a  geometrical 
analyfis. 

But  to  return  fo  our  fubjeft,  the  Abb£  makes  a  difiin&ion 
between  the  integrant  particle  and  the  primitive  form.  The 
former,  as  I  have  faid,  is  that  lafi  particle,  which  preferving 
an  exatt  proportion  of  the  component  parts,  contains  the  leajl 

number. 
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number  of  thofe  parts ;  it  is  the  lad  term  of  mineralogical  Explanation  of 
analyfis.  The  primitive  form,  on  the  contrary,  is  its  firft  re- 
fait,  and  retaining  the  exaCt  proportion  of  the  component  cry  ft  als  by  the 
parts,  contains  the  greatejl  number  of  thofe  parts.  It  is  eafy  met*lod  ol  Hju>* 
to  fee  that  in  the  cafe  above  mentioned  of  the  phofphate  of 
lime,  the  hexahedral  prifm  will  be  the  primitive  form,  pre- 
cifely  for  the  reafons  adduced  to  fliew  that  it  is  not  the  in¬ 
tegrant  particle.  Though  the  Abbd  does  not  decidedly  de¬ 
fine  the  integrant  particle  as  containing  the  minimum  of  fpace 
under  the  maximum  of  furface,  and  the  primitive  form  as  con¬ 
taining  the  maximum  of  fpace  under  the  minimum  of  furface,* 
neverthelefs  he  makes  a  remark  that  authorifes  the  above  de¬ 
finitions  (which.  Sir,  you  will  obferve  are  mine,  led  any  fault 
be  found  with  therm)  He  fays  the  dodecahedron  with  rhom- 
boidal  fides,  which  is  the  primitive  form  of  the  garnet  (grenat) 
contains  the  maximum  of  fpace  under  the  minimum  of  furface  ; 
and  if  it  be  cut  into  two  equal  and  fimilar  parts,  it  will  prefent 
the  fame  form  as  the  bottom  of  the  cell  of  the  honey-comb, 
which  has  the  fimilar  property. 

An  objection  might  be  taken  on  the  euirre pi/riteux3  and  the 
cuivre  gris,  or  the  yellow  and  grey  copper  ore  of  Kir  wan,  the 
Abbd  mentioning  the  regular  tetrahedron  as  their  primitive 
form,  and  not  the  octahedron  as  in  other  cafes.  The  reafon 
may  be,  that  all  the  cryftalline  forms  of  their  fubftances  which 
he  deferibes  are  flight  modifications  of  the  regular  tetrahedron. 

“  The  primitive  forms  hitherto  obferved,  fays  the  Abb6 
Hauy,  are  reduced  to  fix. — The  parallelipipedon,  the  octa¬ 
hedron,  the  tetrahedron,  the  regular  hexahedral  prifm,  the 
dodecahedron  bounded  by  rhombs  all  equal  and  fimilar,  and 
the  dodecahedron  with  triangular  fides,  formed  by  two  right 
pyramids  united  bafe  to  bafe.” 

He  alfo  makes  a  diftinCtion  between  integrant  particles  and 
fubjlraftivc  particles ;  thefe  latter  are  always  parallelipipedons. 

I  (hall  fpeedily  mention  whence  they  derive  their  name.  They 
are  fubilituted  for  the  integrant  particles,  to  facilitate  calcula¬ 
tions,  and  it  is  worthy  of  obfervation  that  the  parallelipipedon 
can  always  be  obtained  in  all  ditfeCtions  of  cryfials.  Thus  far. 

Sir,  I  have  Hated  the  firft  principles  of  mineralogical  analyfis; 

I  (hall  now  proceed  to  the  fynthefis. 

(To  be  continued.) 


*  The  inclination  of  the  interfering  planes  being  the  fame. 
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FILTERING  MACHINE. 


Filtering  ma¬ 
chine  by  fand  in 
a  reverted  tube. 


VIII. 

Defer iption  of  a  Filtering  Machine  invented  by  ProfeJJur  Parrot 
of  Paris .  In  a  Letter  from  a  Correfpondent . 

To  Mr.  NICHOLSON. 

SIR, 

][  ENCLOSE  you  a  drawing  of  a  filtering  machine  invented 
by  Profeflfor  Parrot,  of  Paris,  which  for  fimplicity  and  uti¬ 
lity  feems  fuperior  to  any  other  I  have  met  writh.  You  will 
perceive  that  from  the  curvature  of  its  form,  it  purifies  the 
water  both  by  defeentand  afeent,  and  is,  confequently,  a  clofer 
imitation  of  the  operations  of  nature  than  thofe  in  which  the 
water  penetrates  in  but  one  dire£lion.  Among  the  advantages 
which  he  aferibes  to  it,  he  infiances  the  “  prolongation  of  the 
firatum  of  fand,  which  does  not  confiderably  diminifh  the  pro¬ 
duct  of  the  filtre,  but  contributes  remarkably  to  the  purity  of 
the  fluid,’*  and  that  ‘ ‘  the  difference  of  its  water-level  has  an 
eflential  influence  on  the  quantity  of  purified  water  obtained 
in  a  given  time;”  he  therefore  recommends  an  apparatus  of 
eighteen  inches  long  from  A  to  D,  two  inches  thick,  and  four 
broad,  which,  he  fays,  will  yield  fix  (Paris)  pints  of  pure 
water  every  hour:  a  machine  of  this  fize  requires  only  a  dif¬ 
ference  of  two  or  three  inches  in  the  height  of  the  water. 

I  am.  Sir, 

Your  confiant  reader, 

London,  Augujl  20,  180-L  A.  A. 

Defcription  of  the  Machine. 

The  refervoir  G.  (Fig.  1,  Plate  IV.)  may  beof  any  form  or 
dimenfion  which  is  convenient ;  the  principal  part  of  the  ma¬ 
chinery  confifting  of  a  fquare  veffel  bent  in  the  form  of  an  in¬ 
verted  fyphon.  The  curve  may  be  circular,  elliptic,  or  in  any 
other  direction.  This  veffel  is  to  be  filled  with  fine  pure  fand 
to  nearly  the  height  of  the  dotted  line  xy,  which  denotes  the 
afeent  of  the  water  to  D,  whence  it  flows  into  the  receiver. 
To  the  part  marked  A  B,  which  muff  always  be  above  this 
line,  a  woollen  bag  is  attached,  open  at  the  top  and  reaching 
to  the  fand:  this  collects  the  coarfeft  impurities,  and  prevents 
the  fand  from  becoming  foul  for  a  longer  time.  In  large  ma¬ 
chines 
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chines  a  water-tight  trap-door  may  be  made  at  F,  for  the  pur¬ 
pose  of  removing  the  fand  when  it  is  overcharged  with  impu¬ 
rities.  The  fmall  diameter  of  the  machine  from  which  the 
drawing  was  taken,  was  eight  inches  from  B  to  E:  the  per¬ 
pendicular  height  from  C  to  A  B  was  eight  inches  and  three- 
fourths,  and  from  C  to  D  four  inches  and  one-twelfth. 


IX. 


j\ledico-Chemical  Reft  arches  on  the  Virtues  and  Principles  of 
Cantharides.  Bp  H.  Beaupoil. 


(Concluded  from  Page  71  of  Yol.  VIII.) 

He  alfo  proved  that  the  black  precipitate  eafily  became  dry,  Experiments  and 

brittle,  and  friable  in  the  air;  that  it  reddened  the  tindture  of obferva^°-ns on  j 

csnthdndcs* 

turnfole;  that  it  combined  very  readily  with  potafh,  difen- 
gaging  ammonia;  that,  when  diflilled  by  an  open  fire,  it 
fwelled  and  yielded  an  acid  liquor,  a  thick  oil,  and  carbonate 
of  ammonia  ;  and  that  it  left  a  dry.  Alining,  friable  coal  in  the 
retort. 

Proceeding  afterwards  to  the  examination  of  the  yellow  mat¬ 
ter  remaining  in  folution  in  the  alcohol,  Cit.  Beaupoil  informs 
us,  that,  when  it  is  concentrated  by  the  evaporation  of  its 
folvent,  it  retains  the  fame  odour  and  the  fame  tafte  as  the 
extract ;  that  it  is  completely  diflblved  in  water,  and  reddens 
the  tindture  of  turnfole  ;  that  it  combines  entirely  with  potafii, 
without  any  difengagement  of  ammonia  ;  and  that  the  refultof 
this  combination  is  an  homogeneous  and  glutinous  body,  foluble 
in  water  and  precipitable  by  a  w'eak  acid  ;  finally,  that,  dif- 
tilled  by  an  open  fire,  it  fwells  very  little,  yields  an  acid  liquor, 
a  black  and  fetid  oil,  and  carbonate  of  ammonia;  but  that,  in 
general,  all  thefe  produdts  are  in  fmaller  quantity  than  in  thofe 
obtained  from  the  black  precipitate. 

Among  thefe  different  refults  the  author  thought  it  neceffary 
to  diredt  his  attention  more  particularly  to  the  acid,  which,  as 
has  been  feen,  manifefis  ilfelf  fo  readily  in  the  infufion  of  can¬ 
tharides,  or  in  the  extract  which  they  afford. 

At  firfl  he  was  of  opinion  that  this  acid  was  analogous  to  that 
of  vinegar ;  he  alfo  thought  that  its  exifience  might  be  attri¬ 
buted 
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Experiments  and  buled  to  the  cudom  prevalent  with  thofe  who  collet  the  can- 

c^iiharldes S  ^  tharides,  of expofing  them  to  the  vapour  of  this  acid  ;  but  when 
he  found,  on  fubjedling  fome  of  thefe  infects  which  had  been 
procured  without  the  aflidance  of  vinegar  to  experiment,  that 
they  were  dmilar  to  thofe  of  commerce,  he  was  obliged  to  re¬ 
nounce  his  fird  idea,  and  to  endeavour  to  alcertain  the  nature 
of  the  acid  they  offered  him,  bv  experiment.  It  appears  that 
his  endeavours  have,  in  this  indance,  been  unfuccefsful ;  for 
he  finifhes  by  inferring  that  his  progrefs  is  not  fudiciently  ad¬ 
vanced  to  determine  with  certainty  ;  and  that,  although  the 
acid  in  quedion  has  fome  analogy  with  the  phofphoric,  he,  net 
verthelefs,  does  not  think  that  it  poffeffes  all  its  properties,  and, 
confequently,  is  of  opinion  itfnould  be  conddered  as  a  peculiar 
fpecies,  until  new  experiments  have  (hewn  that  to  which  it 
in  reality  belongs. 

The  third  produ<5l  of  cantharides,  called  by  Thouvenel  and 
by  Cit.  Beaupoil,  green  matter,  does  not  feem  to  experience 
any  change  from  the  air,  at  lead  in  its  phydeal  properties.  It 
is  infoluble  in  cold  water  ;  it  liquedes  in  warm  water,  floating 
on  its  furface  like  an  oil ;  alcohol  and  ether  diffolve  it,  and  its 
folution  in  thefe  two  mendrua  isdecompofed  by  water.  Oxi- 
genaled  muriatic  acid  brought  into  contact  with  this  matter, 
and  renewed  from  time  to  time,  at  flrd  feems  not  to  have  any 
a&ion  on  it,  but  at  length  fmall  whitifli,  brilliant  particles  are 
detached  from  it,  which  fall  to  the  bottom  of  the  veffel :  in 
lefs  than  a  week  it  lofes  its  fmell  and  its  colour,  and  becomes 
thick  and  glutinous ;  and  notwithdanding  repeated  wafhings,  it 
conftantly  retains  the  odour  of  the  oxigenated  muriatic  acid. 

Diluted  nitric  acid,  aflifled  by  heat,  gives  it  a  ruddy  colour, 
a  rancid,  penetrating  odour,  and  alfo  a  confiderable  confif- 
tence. 

Caudic  foda  combines  with  it  without  the  aid  of  heat,  and 
without  a  difengagement  of  ammonia.  The  produdt  of  this 
union  is  decompofed  by  the  acids. 

Expofed  to  an  elevated  heat  it  fufes,  and  forms  a  liquid  of  an 
oily  appearance  and  dightly  tranfparent,  which,  by  cooling, 
quickly  refumes  the  folid  date.  By  a  more  powerful  heat  it  is 
decompofed,  its  colour  changes,  a  yellowifh  oil,  very  analo¬ 
gous  to  that  obtained  from  the  didillation  of  wax,  and  an  acid 
phlegm,  pafs  into  the  receivers,  but  not  an  atom  of  carbonate 
of  ammonia. 

With 
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With  refpedl  to  the  parenchyma  forming  the  refidue  of  the  Experiments  an4 
different  macerations,  infufions,  and  decodtions  in  water,  a  I  -  cantha/ides  ^ 
coho!,  and  ether,  the  author,  after  having  afcertained  that 
thefe  fluids  were  incapable  of  extra<5ting  any  thing  more, 
treated  it  with  cauflic  potafh,  which  immediately  caufed  a 
difengagement  of  a  very  fenfible  ammoniacal  odour.  When 
this  odour  was  diflipated,  the  liquor  was  filtered,  and  inflantly 
mixed  with  muriaiic  acid  :  the  mixture  became  turbid,  and 
gradually  yielded  a  precipitate,  which,  dried  and  thrown  on 
burning  coals,  exhaled  an  odour  fimilar  to  that  of  animal  mat¬ 
ters  in  combuftion. 

Diflilled  in  a  retort,  this  parenchyma  yielded  phlegm,  a 
denfe  empyreumatic  oil,  and  a  confiderable  quantity  of  car¬ 
bonate  of  ammonia.  The  refidue  of  the  diff illation  was  a 
fpecies  of  coal,  from  which  a  white  afh  was  obtained  by  inci¬ 
neration  in  the  open  air,  in  which  were  found  carbonate  of 
lime,  calcareous  phofphate,  fulphate  and  muriate  of  lime,  and, 
finally,  oxide  of  iron. 

In  recapitulating  the  quantities  of  each  of  the  produ&s  ob¬ 
tained  by  means  of  the  experiments  which  have  been  cited, 
the  author  afferts  that  one  ounce  of  cantharides,  well  dried, 
contains  nearly 


Black  matter 
Yellow  matter 
Green  matter 
Parenchyma 
Acid 

Calcareous  phofphate 
Carbonate  of  lime  - 
Sulphate  and  muriate  of  li 
Oxide  of  iron 


1  gros  2  grains ; 

1  —  2 
1  —  8 
4—36 

An  indeterminate  quantity  9 
12  grains ; 

2 

4 

2 


To  complete  the  work  which  Cit.  Beaupoil  had  undertaken, 
it  remained  for  him  to  determine  the  phyfiological  properties 
of  cantharides,  as  well  as  thofe  of  the  moft  effential  of  their 
immediate  materials,  and  he  appears  to  have  executed  this 
with  fuccefs  in  the  fourth  part  of  his  diflertation.  Among 
other  things,  it  refults  from  the  different  experiments  which  he 
has  made  on  this  fubjeci, 

]Jl,  That  cantharides  which  have  not  undergone  any  pre¬ 
paration,  almofi  always  produce  difagreeable  effects  when 

taken 
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Experiments  and  taken  internally ;  but  that  thefe  effects,  with  refpcct  to  their 
camhoiidT  °n  ditcnfity,  arc  proportionate  to  the  age,  the  drength,  and  the 
conditulion  of  (lie  animals,  and  to  the  dofe  which  has  been 
adminiftered  to  them  :  That  the  oefophagus,  the  domach,  and 
the  fmaller  intedines,  are  the  parts  which  are  principally  af¬ 
fected  :  that  thofe  animals  which  are  not  overcome  by  it,  ex¬ 
perience  a  defire  to  vomit,  very  confiderable  pains  and  vari¬ 
ous  affections,  which  feem  plainly  to  indicate  that  the  parts 
which  have  been  touched  by  the  cantharides,  have  a  fort  ot 
tendency  to  be  disorganized. 

2 d.  That  the  aqueous  extract  of  cantharides,  in  fmaller 
dofes  than  the  infects  themfelves,  produces  nearly  the  lame 
effects  as  they  do;  and  a!fo,  that  its  aCtion  on  the  urinary  paf- 
fages  is  very  marked. 

3d.  That  the  black  matter  is  much  lefs  active  than  the  ex¬ 
tract  ;  that  the  animals  to  which  it  has  been  given,  are  only 
affected  by  gripings  and  vomitings,  and  very  rarely  are  killed 
by  it. 

4-th,  That  the  green  matter  given  internally  does  not  appear 
to  have  deleterious  qualities,  dnee  all  the  animals  to  which 
even  firong  dofes  had  been  adminidered,  did  not  feem  to  be 
affected  uneafily  by  it. 

olh.  That  the  yellow  matter  does  not  feem  to  be  more  ac¬ 
tive  than  the  green  matter. 

6/h.  That  the  extract,  the  yellow  matter,  and  the  black 
matter,  applied  feparatcly  to  the  furface  of  the  body,  occa- 
iioned  velication  in  nearly  the  fame  (pace  of  time. 

7 ih.  That  the  green  matter,  applied  externally,  does  not 
feem  to  aCt  when  alone;  but  that  its  action  is  fpeedily  inani- 
feded  when  it  is  divided  by  wax,  and  by  that  means  receives 
the  confidence  of  a  cerate. 

I  mud  not  omit  to  mention,  that  Cit.  Beaupoil  was  not 
(atisfied  with  experiments  made  on  animals,  but  had  the  cou¬ 
rage  to  repeat  them  on  himfelf.  It  was  from  having  obtained 
the  information  he  fought  in  this  manner,  that  he  confidered 
himfelf  intitled  to  conclude,  that  the  veficaling  property  refides 
particularly  in  the  extractive  part  and  in  the  green  part  of  the 
cantharides,  but  that  the  extractive  part  alone  aCis  on  the 
urinary  and  genital  fydem. 

It  will  be  obvious  from  the  details  I  have  given,  that  the 
author  has  carried  the  examination  of  cantharides  farther  than 

Thou  vcnel. 
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Thouvenel.  But  although  his  work  is  greatly  extended,  it  Experiments  ani 
....  .  _  .  .  ,  obfervations  on 

nevertheless  is  not  yet  complete,  fince  much  remains  to  be cantharides. 

done,  particularly  with  refpedt  to  the  green  matter;  for  it  is 
difficult  to  conceive  how  it  ffiould  have  no  action  on  the  animal 
economy  when  adminittered  internally,  fince,  applied  externally, 
it  produces  a  veficating  effedl.  This  objedtion  which  I  have 
made  to  the  author,  the  importance  of  which  he  acknow¬ 
ledges,  will  doubtlefs  be  one  of  the  motives  which  will  de¬ 
termine  him  to  renew  his  experiments  to  remove  doubts,  and 
to  fiievv  more  clearly  what  is  to  be  expefted  from  the  employ¬ 
ment  of  the  different  parts  compofing  an  ingredient  from 
which  medicine  has  received  fuch  great  benefits. 


X. 

Experimental  Determinations  of  the  Latent  Heat  of  Spermaceti t 
Bees'  (Fax,  Tin,  Bif ninth.  Lead,  Zinc,  and  Sulphur .  By 
Mr.  Willi  am  Irvine.  Communicated  by  the  Author. 

Bedford  Street,  Aug.  24,  1 30  k 

It  will  fcarcely  be  denied  that  the  difeovery  of  the  exifience  Difcovery  of  la- 

of  latent  heat  in  all  fluid  and  vaporous  bodies,  is  one  of  theg^j^eat  Di* 

mofi  curious  and  important  hitherto  developed  in  the  progrefs 

of  chemical  philofophy.  The  merit  of  firfi  inveftigating  this 

fubjedt  is  univerfally  attributed  to  the  celebrated  Black.  By 

a  few  fimple  and  clear  experiments  he  demonfirated,  that, 

before  any  portion  of  ice  can  become  water,  it  mult  receive 

or  abforb  as  much  heat  as  would  have  raifed  the  temperature 

of  an  equal  quantity  of  water  by  1  K)°.  By  other  experiments, 

in  fome  of  which  Dr.  Black  was  affified  by  my  father  and  Mr. 

Watt,  it  was  proved  in  a  manner  equally  falisfadtory,  that 
water  cannot  be  converted  into  fteam  unlefs  it  admit  a  quan¬ 
tity  of  heat  fufficient  to  have  heated  the  water  8  or  900°, 

Having  proceeded  fo  far  by  experiment.  Dr.  Black  made  a 
general  inference,  and  extended  his  theory  to  allcales  of  fufion 
and  vaporization  whatever. 

The  only  other  philofopher,  as  far  as  I  know,  who  has  Dr.  Irvine’s  ex- 

attempted  to  determine  the  exact  quantity  of  the  latent  heat  in  agination  of  the 

....  .  latent  heat  of 

other  bodies  befides  water,  was  Dr.  Irvine.  Landriani  madeother  bodies  be- 

fome  tides  water. 
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ipcrmnceti 

*45° 

1750,  tin  500 


Experiments 
jnade  by  the 
author. 


Tome  experiments  to  prove  that  the  fluidity  of  alum,  fulphur, 
and  fome  metals,  was  accompanied  with  an  abforption  of  latent 
heat ;  but  I  believe  he  made  no  attempts  to  afeertain  the  pre- 
cife  quantity.  In  Dr.  Black’s  leflures  we  are  informed,  that 
Dr.  Irvine  found  the  latent  heat  of  fpermaceti  to  be  145°,  of 
L  3  wix  bees’  wax  to  be  17o°,  and  of  tin  to  be  500y.  From  the  very 
imperfect  notes  which  I  poflefs  of  the  methods  ufed  to  deter¬ 
mine  the  two  former,  I  believe  that  the  145°  are  meafured  by 
the  capacity  of  fluid  fpermaceti,  and  the  l~5Q  by  that  of  fluid 
wax  :  But  of  this  fubjecl  I  will  take  another  opportunity  to 
treat  more  amply.  I  am  perfectly  ignorant  of  every  circum- 
fiance  regarding  the  latent  heat  of  tin  as  determined  by  my 
father,  having  been  unable  to  find  any  notes  of  his  experi¬ 
ments  for  determining  this  point. 

During  the  courfe  of  the  prefent  year  I  have  turned  my  at¬ 
tention  a  little  to  this  fubjeCt,  I  mean  to  the  invefligation  of 
the  quantity  of  latent  heat  neceflary  for  the  fufion  of  various 
bodies.  I  was  perfuaded  that  an  addition  to  our  knowledge  of 
latent  heat  would  at  leaf!  increafe  the  floreof  facts,  and  might 
perhaps  give  rife  to  fome  improvement  or  con  edition  of  theory. 
Tbeveflcls,  The  veflels  which  I  employed  in  all  my  experiments  were 
Florence  flafks,  of  which  the  neck  was  cut  off.  In  thefe  the 
water  madeufe  of  was  contained,  and  the  veflel  was  fupported 
on  a  flight  wooden  fland,  which  prefented  a  very  fmall  furface 
to  abftraCt  heat  from  the  materials.  The  orifice  at  the  fuperior 
part  of  the  veflel,  was  in  general  not  more  than  fuffleient  to 
permit  the  ready  introduction  of  the  fluid  examined  ;  probably 
from  an  inch  and  a  quarter  in  diameter  to  a  little  more,  fo  that 
a  very  fmall  lurface  of  the  water  was  expofed  to  the  air.  The 
weight  of  the  glafs  was  in  ail  cafes  previoully  afeertained. 
Thefe  circumftances  being  premifed,  I  proceeded  as  follows: 
Determination  The  firfl  fubftance  which  I  fubmitted  to  examination  was 

The  nieltins  P°*nt  °f  this  metal  was,  by  the  ther- 
(or  the  number  mometer  which  I  ufed,  480°.  This  is  fo  near  the  point  found 
of  degrees  fly  my  father,  to  w  it  476%  that  I  lhall  conflder  his  determina- 

through  which  . 

any  quantity  of  tion  as  correct,  as  he  combined  and  compared  the  different 
bitmuth  would,  ways  of  computation  and  observation,  and  1  know  the  ther- 

gfvesout^n  con- mometer  which  he  ufed  to  have  been  made  with  conliderable 
gelation,  raue  an  care.  Into  a  glals  veflel  which  weighed  411  grains,  I  put 

b?frnuth,anfrorn°f22^^  grains  of  water,  of  the  temperature  of  62°.  I  then  re- 

beneaththe  moved  from  the  fire  a  quantity  of  fluid  bifrauth.  I  waited  till 
freezing  point  of  •. 

the  metal;. 
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it  was  partially  folid,  at  which  time  I  inferred  that  both  the  Bifmuth,  on  the 

folid  and  fluid  metal  were  of  the  temperature  of  476°.  I  next  fng/was poured* 
poured  a  portion  of  the  fluid  bifmuth  into  the  water.  In  one  into  water,  the 
minute  the  thermometer  (food  at  86°  ;  in  two  minutes  at  S5J  ^pernur^,’ 

The  true  temperature  at  the  moment  of  mixture  was  therefore  bein^  known ; 

86~,  fuppofing  equal  temperatures  to  be  loft  in  equal  intervals.*™1  tne  common 

I  here  was  alio  a  quantity  of  fleam  formed.  I  weighed  the  taken. 

veflel  with  its  contents,  and  found  that  it  had  gained  1589 

grains.  This  therefore  thould  be  the  quantity  of  bifmuth 

poured  in,  if  there  had  been  no  lofs.  But  on  drying  and 

weighing  the  metal,  it  appeared  to  amount  only  to  1555 

grains,  and  34  grains  confequently  were  loft.  The  bifmuth 

was  cooled  3891°,  the  water  was  heated  24|°.  Then,  1555 

grains  of  water  would  have  gained  34°.  Thefe  34°,  meafured 

by  the  fpecific  heat  of  bifmuth,  as  ftated  in  Thomfonhs  Syftem 

of  Chemiftry  at  .042,  are  equal  to  810°. 9:  But  the  bifmuth, 

after  becoming  folid,  loft  389°. 75,  which  being  fubtracted 

from  810.9,  there  remains  421  °.  15,  which  cannot  be  account-inference  of  the 

ed  for  by  the  cooling  of  the  folid  bifmuth,  and  muft  therefore  la£cnt  heat. 

be  the  whole  or  a  part  of  the  latent  heat  of  the  fufed  metal. 

But  the  latent  heat  muft  be  greater  than  this,  for  41 1  grains  Correction,’  for 
of  glafs  were  alfo  heated  24°. 25.  If  the  capacity  of  this  glafs  tlie  veffcl> 
be  taken  at  .174,  as  Kirwan  found  flint  glafs  to  have,  and  I 
have  found  green  bottle  glafs  to  have  a  capacity  of  .173  by 
feveral  experiments,  whence  it  is  probable  that  the  glafs  of 
Florence  flafks  has  its  capacity  not  very  wide  of  thefe  num¬ 
bers;  if  then  .174  be  taken  as  the  capacity  of  this  glafs,  thefe 
24°. 25,  which  the  bifmuth  communicated  to  the  411  grains 
of  glafs  in  the  veil'd,  are,  when  meafured  by  the  capacity  of 
bifmuth,  equal  to  96°. 4  :  And  1555  grains  of  glafs  would  have 
gained  25°. 4,  which  muft  be  added  to  421°. 15  already  found, 
and  makes  446°. 55  for  the  latent  heat  of  bifmuth. 

But  this  is  obvioufty  ftil!  loo  little  ;  for,  as  has  been  already  and  for  fleam 
mentioned,  there  was  a  good  deal  of  fteam  formed.  Thepi0^uce<i* 
amount  of  the  heat  thus  loft  is  extremely  difficult  to  aflign.  I 
fliall,  however,  make  an  attempt  to  guefs  at,  rather  than  de¬ 
termine  it.  All  the  34  grains  muft^not  be  reckoned  to  have 
been  loft  by  evaporation.  In  fpite  of  all  my  efforts,  I  could 
perceive  that  tome,  though  certainly  a  fmall  quantity  of  bif¬ 
muth  went  off  with  the  wafer,  in  form  of  a  number  of  fmall 
particles  floating  in  the  liquid  :  and  perhaps  alfo  a  fmall  por. 

lion 
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lion  of  water  might  be  wafted  daring  the  procefs.  If  we  allow 
a  half  of  all  the  loft  to  be  accounted  for  in  thefe  ways,  there 
remain  fixteen  grains  of  water  which  have  been  converted 
into  fteam.  The  latent  heat  of  fteam  was  computed,  by  Mr. 
Watt,  to  be  equal  to  940°  :  But  this  fteam  cannot  be  allowed 
fo  much  heat  as  this;  and  though  it  may  be  difficult  to  point 
the  quantity  to  be  fairly  granted,  yet  I  (ball  expe6l  to  be  with¬ 
in  bounds  when  I  eftimate  it  at  one  half  of  940°,  or  470°.  In 
this  cafe  we  fay,  16  grains  of  water  have  been  heated  470°  ; 
frxteen  grains  of  bifmulh  would  be  heated  by  the  fame  quan¬ 
tity  of  caloric,  11 190°. 4;  and  1555  grains  -f-  16  grains  fup- 
pofed  to  have  gone  off  with  the  wafer,  m  1571  grains  of  bif- 
Latent  heat  of  snuib,  would  be  heated  11  3°. 9.  This  quantity  of  heat,  there- 

bifmuth  deduced  fore  ought  to  be  added  to  the  446°. 55  already  found,  and 
c6cd  degrees.  '  h  .  / 

would  amount,  in  all,  to  560.45  latent  heat  of  bifmuth. 

Other  experi-  I  am  fenfible  that  there  are  feveral  gratuitous  fuppofitions  in 
nvnh  W  ttl  bi<*"  ^his  ^  Part  *-he  real°nin£>  and  I  do  n°t  therefore  lay  much 
ftrefs  on  it.  I  endeavoured  to  confirm  or  refute  the  truth  of 
the  inductions,  by  making  an  experiment  exactly  on  the  fame 
principles,  but  where,  by  dexterity,  I  might  prevent  the  for¬ 
mation  of  fteam  wholly  or  in  part.  In  one  inftance  I  fucceeded 
tolerably  well,  and  then  the  latent  heat,  with  every  correc¬ 
tion,  amounted  to  nearly  600°. 

I  repeated  thefe  experiments  for  determining  the  latent  heat 
of  bifmuth  many  times,  and  the  refult  is  exprefted  in  the 
following 

TABLE: 

Tabulated. 


No.  of  Ex¬ 
periments. 

Latent  Heat  by 
firft  Computa¬ 
tion. 

Correction  for 
the  Heat  re¬ 
ceived  by  Glafs. 

Whole  Latent  | 
Heat. 

1 

457 

23 

480 

2 

41  1 

29 

440 

3 

412 

28 

440 

4 

465 

33 

498 

5 

480 

29 

509 

6 

438 

27 

465 

7 

465 

30 

495 

Mean 

446.8 

175 

1 

3 
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On  the  whole,  therefore,  it  appears  that  we  fhall  not  exceed  Mean  refult 

the  truth  when  we  efliinate  the  latent  heat  of  bifmuth  at  550°.  j^Tt  ofVifl 

I  made,  in  like  manner,  two  experiments  to  afeertain  the  moth. 

latent  heat  of  tin,  and  of  thefe  the  refults  were —  Experiments  on 

tin. 


Expt. 

1 

520 

2 

495 

Mean;  507 

Latent  heat 
5°7° 


This  agrees  remarkably  well  with  the  determination  of  this  Latent  heat  of 
point,  faid  to  have  been  made  by  my  father,  in  Black’s zmc  ^3  ° 
Ledures. 

Zinc  is  computed,  by  Bergman,  to  melt  at  700°  of  Fahren¬ 
heit’s  thermometer.  Taking  that  for  granted,  I  made  three 
experiments  on  the  latent  heat  of  zinc,  in  a  nmilar  way  with 
that  already  related  with  bifmuth.  The  refults  were  as 
follow : 


Experiment. 

Latent  Heat  by  firft 
Computation. 

Corrected. 

Whole  L.  H. 

1 

490 

28 

518 

2 

476 

22 

498 

3 

443 

32 

475 

Mean 

469 

493 

In  thele  experiments  no  allowance  is  made  for  lofs  by  fleam,  Latent  heat  of 
which,  however,  by  the  dexterity  acquired  by  pra6lice,  I  waslead  I4^  ’ 
enabled  to  render  very  fmall. 

Lead  I  found  to  melt  at  a  point  above  584°.  Owing  to  the 
fhortnefs  of  the  thermometric  fcale,  I  could  obferve  no  higher. 

I  fuppofe  therefore  that  5949,  as  found  by  Dr.  Irvine,  cannot 
be  materially  diflant  from  the  truth.  AlTuming  it  as  true,  I 
proceeded  to  make  feveral  experiments  on  the  latent  heat  of 
lead.  In  doing  this  I  was  led  immediately  to  notice,  that 
melted  lead  does  not  by  any  means  produce  fo  much  lleam  as 
other  metals  do  when  poured  into  water,  even  under  the  molt 
carelefs  management  j  and  of  this  the  reafon  will  appear  front 
the  following  table  s 


Vol.  IX. 
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Experiments 

fulphur. 


Experiments  on  the  Latent  Heat  of  Lead. 


No. 

Latent  Heat. 

Corrected. 

Whole  Latent  Heat. 

1 

127.8 

O 

o 

m 

03 

1 38°.  1 

2 

142.8 

11°. 

153°. 8 

3 

149.9 

4 

161.8 

5 

131.5 

Mean 

142.7 

Mean 

145°. 9 

In  thefe  experiments  I  have,  by  accident,  loft  the  notes  ot 
the  determination  of  the  weight  of  t he  veflel  employed  in  all 
bat  the  two  firft  inftances :  notvvilhftanding  which  it  may  be 
fairly  inferred,  that  the  mean  latent  heat  of  lead  is  about  150°, 
a  quantity  certainly  unexpectedly  (mall,  and  which,  in  many 
more  experiments  than  thefe  related,  I  was  at  pains  to  exa¬ 
mine,  without  being  able  to  difeover  any  material  inaccuracy'. 
In  the  fecond  experiment,  where  a  little  fteam  was  formed,  I 
afeertained  the  lofs  to  be  four  grains.  If  thefe  four  grains  be 
.  fuppofed,  as  in  the  cafe  of  bifmuth,  to  contain  470°  of  heat, 
the  computed  addition  to  the  latent  heat  of  lead  will  be  20°. 3, 
making  in  all  a  little  more  than  162°.  This  is  certainly  a  very 
peculiar  and  unexpected  quality  of  this  metal, 
on  The  only  other  fubftance  which  I  have  fubmitted  to  exa¬ 
mination  for  the  purpofe  of  afeertaining  its  caloric  of  fluidity, 
is  lulphur.  The  melting  point  of  fulphur  is  commonly  ftated, 
in  elementary  works,  to  be  at  212°  :  But  that  this  is  not  accu¬ 
rate  any  one  may  convince  himfelf,  by  immerftng  a  quantity 
of  lulphur  in  boiling  water,  where  it  remains  altogether  unal¬ 
tered.  By  every  trial  which  I  have  been  able  to  make,  I 
am  convinced  that  the  fufion  of  fulphur  takes  place  about  the 
temperature  of  226°.  I  lay  about,  becaule  the  communica¬ 
tion  of  heat  among  the  particles  of  fulphur  is  very  flow’,  and 
the  thermometer  is  often  encrufted  with  folid  fulphur,  which, 
fome  how  or  other,  certainly  cools  below  the  liquid  in  which 
it  is  immerfed.  In  experiments  for  afeertaining  this  point, 
the  thermometer  ought  to  be  kept  in  conftant  motion.  The 
refults  of  my  experiments  for  finding  the  latent  heat  of  fulphur, 
are  ftated  in  the  following  table. 


Jf, 


Experiments 
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Experiments  to  afeertain  the  Latent  lleat  of  Sulphur. 


-  - «■ 

No. 

Latent  Heat. 

Corrected. 

Whole  Latent  Heat. 

1 

1 44°.  56 

8°. 

152°. 56 

2 

13  1° 

7°. 

138°. 

3 

1 40° 

4°. 5 

140°.  5 

4 

136° 

Mean 

137°. 89 

Mean 

143°.  68 

_ 

Latent  heat  of 
fulphur  143!*. 


In  thefe  experiments  I  have  fuppofed,  from  experiments  of 
my  own,  the  capacity  of  fulphur  to  be  .189,  which  does  not 
materially  differ  from  Mr.  Kirwran’s  determination.  In  the 
other  cafes  I  have  trufled  chiefly  to  the  numbers  given  in 
Thomfon’s  Chemiftry,  though  thefe  are  not  always  wholly 
unexceptionable.  In  every  inflance  I  have  fuppofed  the  femi- 
liquid  to  have  the  temperature  of  the  melting  point,  which  I 
believe  is  generally  true  ;  but  fome  practice  is  required  to  feize 
the  moment  before  the  frozen  particles  float  in  the  fluid  fub- 
ftance.  In  experiments  on  fulphur  efpecially,  inattention  to 
this  circumflance  caufes  very  great  inaccuracy,  and  was  the 
caufe  of  confiderable  embarraffment  to  me  before  I  obferved 
my  error. 

A  comparative  table  follows  of  the  caloric  of  fluidity  of  all 
fubftances  hitherto  examined  : 


Table  of  latent 
heats. 


In  all  thefe  inffances  the  latent  heat  is  expreffed  in  degrees  General  re- 
meafured  by  the  capacity  of  the  relative  fo lid,  excepting  in  mafks* 
the  cafes  of  fpermaceti  and  bees’  wax,  which  are  in  degrees 
meafured  by  the  capacity  of  the  fluid.  I  endeavoured  to  rec- 

E  2  tify 


Subftance. 

Melting  Point. 

Latent  Heat. 

Ditto  in  Degrees 
meafured  by  Ca¬ 
pacity  of  Water. 

Ice 

32° 

1 55°. 555 

140° 

Spermaceti 

1  13° 

14.5° 

Bees’  Wax 

142° 

17.5° 

Tin 

442° 

500° 

33° 

Bifmuth 

476° 

550° 

23°. 65 

Lead 

594° 

162 0 

5°.  604 

Zinc 

700° 

493° 

48°. 3 

Sulphur 

226° 

GO 

• 

O 

27°.  145 
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tify  Ibis  fo  as  to  make  the  companion  more  fair,  by  determin¬ 
ing  the  fpecific  heat  of  folid  wax  and  fpermaceti ;  but  I  have 
not  been  able  to  fatisfy  myfclt  with  either  ol  thefe  points, 
owing  to  the  foftnefs  and  coniequent  abforption  ol  latent  heat, 
which  a  very  low  degree  of  heat  induces  in  both  thefe  bodies. 
The  numbers  exprefling  their  latent  heats  are  therefore  too 
low.  On  infpedion  of  the  above  table,  there  does  not  appear 
any  ratio  by  which  the  quantity  of  the  caloric  of  fluidity  feems 
to  be  guided  :  it  certainly  does  not  increafe  with  the  difficulty 
of  fufion,  but  mod  probably  has  fome  connexion  with  the  re¬ 
lative  capacity  of  each  body  in  its  folid  and  fluid  date.  The 
determination,  however,  of  the  capacity  of  any  of  the  metals 
in  a  fluid  form,  excepting  mercury,  mud  be  regarded  as  an 
extremely  difficult  talk. 


XI. 


Stri&ures  on  Mr.  Dalton’s  Do&rine  of  Mixed  Gafts,  and  ax 
drifuer  to  Mr.  Henry’s  Defence  of  the  fame.  In  a  letter 
from  Mr.  John  Gough. 


To  Mr.  NICHOLSON. 


SIR, 


Caufesof  thefe 
Itri&ures. 


Dalton's  a  hypo- 
thefis  not  a  the¬ 
ory. 


1  Ha  ve  ventured  to  defend  the  chemical  union  of  water  and  air, 
as  well  as  the  homogenity  of  the  atmofpherical  gas.  My  thoughts 
on  thefe  fubjeds  are  briefly  dated  in  your  Journal  *  ;  and  the 
farther  profecution  of  the  enquiry  compels  me  to  make  an  open 
attack  on  my  friend  Mr.  Dalton,  and  his  new  convert,  Mr. 
Henry.  The  difpute  fliall  be  fairly  conducted  on  my  part ; 
that  is,  it  fliall  coniiff  of  arguments  which  I  am  ready  to  aban¬ 
don  as  foon  as  they  are  refuted  ;  this  promife  is  due  to  friend- 
lliip,  as  well  as  the  obligations  of  truth. 

The  fir  ft  thing  to  be  afeertained  is  the  proper  appellation  of 
Mr.  Dalton’s  opinions.  His  dodrine  of  mixed  gafes  is  offered 
to  the  public  as  a  mechanical  theory,  founded  on  chemical 
fads  :  a  little  attention,  however,  to  Mr.  Dalton’s  eflays,  will 
deprive  it  of  all  claim  to  the  title  of  a  theory.  This  is  evident 
from  the  nature  of  the  mechanical  philofophy ;  every  branch 


*  Vol,  VIII.  Page  243. 
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of  which  admits  of  a  mathematical  demonftration,  derived  from 
Newton’s  definitions  and  laws  of  motion  :  but  Mr.  Dalton  has 
not  attempted  to  give  (lability  to  his  new  ideas,  by  the  aid  of 
the  mathematics ;  on  which  account  the  only  appellation  due 
to  his  doftrine,  is  that  of  a  hypothefis. 

No  philofopher  ought  to  difregard  the  means  which  are  The  hypothefis 
able  to  confirm  his  opinions,  becaufe  thefe  means  may  be  found,  not  inecllamo!* 
upon  trial,  to  fubvert  them.  This  I  believe  to  be  the  cafe  with 
my  friend’s  hypothefis ;  for  I  have  endeavoured  to  fhew  the 
fallacy  of  it  by  mathematical  arguments.  The  refult  of  this 
attempt  will  in  all  probability  appear  in  the  next  volume  of  the 
Manchefter  Memoirs ;  when  the  merits  of  the  effay  will  be  de¬ 
termined  by  geometricians,  who  are  the  proper  judges  of  fuch 
productions.  This  want  of  geometrical  demonftration  efcapes 
the  notice  of  the  chemift,  becaufe  my  friend  has  feemingly  fup- 
plied  the  deficiency  by  a  number  of  probabilities  of  an  expe¬ 
rimental  nature  ;  but  it  is  almoft  fuperftuous  to  remind  either 
him  or  your  readers,  that  a  myriad  of  fuch  proofs  cannot  uphold 
a  doctrine  which  is  repugnant  to  the  mechanical  philofophy. 

The  two  leading  maxims  which  are  derived  from  thefe  proba-  Conclufions 
bilities,  and  form  the  bafts  of  the  hypothefis,  are  thus  briefly  ^abiUties^  P  °" 
exprefled  by  Mr.  Henry  :  “  mixed  gales  neither  attract  nor  repel 
each  other,  and  every  gas  is  as  a  vacuum  to  every  other  gas*”. 

Mr.  Dalton,  reafoning  from  thefe  premifes,  furrounds  our 
globe  with  an  independent  atmofphere  of  vapour,  the  preflure 
of  w'hich  preferves  all  the  water  on  the  earth’s  furface  in  a 
liquid  ftate,  and  prevents  the  ocean  itfelf  from  efcaping  through 
the  air,  by  virtue  of  its  own  elaftic  force ;  at  leaf!  the  laft  is  a 
fair  inference  from  his  own  conclufions. 

Although  I  have  demonftrated  the  exiftence  of  an  atmo-  Dalton’s  reafon- 
fphere  of  vapour  to  be  a  mechanical  impoftibility,  in  the  effay *nS  inCoraPlete* 
mentioned  above,  the  reality  of  the  thing  fliall  be  fuppofed  at 
prefent,  for  the  purpofe  of  dete&ing  the  fallacy  of  the  doftrine 
in  the  fundamental  maxims  of  it.  The  truth  is,  Mr.  Dalton 
has  difcontinued  his  train  of  reafoning  too  foon  ;  for,  had  his 
arguments  been  purfued  to  their  proper  limits,  they  would 
have  difcovered  the  incompatibility  of  the  hypothefis  and  na¬ 
tural  appearances.  This  omiftion  is  eafily  fupplied,  and  will 
be  as  eafily  comprehended,  by  a  perfon  who  underftands  the 
laws  of  hydroftatics. 

*  Phil.  Journ.  Vol.  VIII.  Page  298, 
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A  fecond  par-  If  a  particle  of  vapour  can  pafs  freely  through  the  air,  a  fe¬ 
tich  may  follow  con([  can  aj|0  fuccecd  it  at  any  given  didance;  becaufe  the 
latter  may  undoubtedly  purfue  the  track  which  the  former  has 
already  traverfed  :  confequently,  a  (eries  of  fuch  particles,  pof- 
fefling  the  denfity  of  water,  might  be  raifed  into  each  perpen¬ 
dicular  pore  of  the  atmofphere,  by  the  application  of  a  proper 
Air  prcfTes  upon  force  to  the  furface  of  a  collection  of  water  fupporting  fuch  an 
*ater*  atmofphere.  Now  the  exigence  of  fuch  a  force  is  certain  ; 

becaufe  w'hen  air  is  injeCted  into  either  leg  of  an  inverted 
fyphon  containing  water,  it  conflantly  didurbs  the  equilibrium 
of  this  fluid;  that  is,  the  gas  prelfes  upon  the  liquid,  notwith- 
flanding  the  fuppofition,  that  the  former  is  a  vacuum  to  the 
Air  a  perforated  particles  condituling  the  latter.  If  now  we  combine  the  pof- 
pifton,  by  the  tulates  of  the  hypothefis  with  the  preceding  faCt,  a  column  of 
hypod.rfb.  ajr^  w|qc|1  0CCUpjes  the  upper  part  of  a  vellel  containing  water 
in  its  bottom,  becomes  a  heavy  pifton,  having  its  fubflance 
perforated  in  every  direction  by  pores  of  eafy  tranfmiflion, 
which  are,  at  the  fame  time,  feparated  by  partitions  imper¬ 
vious  to  water.  After  contemplating  this  imaginary  ftruCture 
of  the  atmofpherical  gas,  let  the  reader  inveftigate  the  confe- 
Air  notavacuum  cluences  °f  and  compare  them  with  natural  events.  The 
to  vapour.  impenetrable  parts  of  the  gafeous  pifton  w'ould  compel  the 
water  to  afeend  along  its  perpendicular  pores;  in  which  it 
would  be  kept  duly  condenfed  by  the  pred'ure  of  the  incum¬ 
bent  vapour.  The  fpecidc  gravity  of  this  column,  compound¬ 
ed  of  air  and  water,  would  exceed  that  of  the  external  air ; 
confequently  the  upper  extremity  of  it  would  conflantly  glide 
over  the  edges  of  the  vefTel  into  the  atmofphere.  Thus  there 
would  happen  a  double  lofs  of  water,  namely,  by  evaporation 
and  percolation  :  but  nothing  of  the  kind  is  obfcrvable  in  na¬ 
ture  ;  confequently  the  air  is  impenetrable  to  the  condituent 
particles  of  water  not  heated  to  the  boiling  point. 

The  circumftance  of  w'ater  not  being  able  to  penetrate  air  at 
low'  temperatures,  is  no  obftacle  to  the  chemical  union  of  the 
two  fubdances;  tor  many  aqueous  folutions  of  ialts  occupy 
lefs  fpace,  when  completed,  than  the  materials  formerly  did 
of  which  they  are  compofed.  This  faCt  has  been  edablidied 
by  the  prefent  Bidiop  of  IJandatF;  and  it  proves  that  bodies, 
which  are  mutually  impenetrable,  may  be  fufceptible  of  the 
bond  of  chemical  affinity. 
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After  all  that  has  been  fuid  about  the  conftitulion  of  gafes, 
the  notion  is  incorrect,  drictly  fpeaking,  which  fuppofes  each 
gas  to  be  as  a  vacuum  to  every  other.  The  foregoing  obferva- 
tion  may  alfo  be  extended  to  mixtures  of  carbonic  acid  gas 
with  water;  and  the  following  inftances  may  be  adduced  in 
confirmation  of  the  propofition  :  When  a  particular  gas  is  de- Proved  by  expe- 
veloped  in  a  veflel  containing  common  air,  the  firft  portion  rinKnt* 
that  comes  over  has  in  it  lefs  of  the  fpecific  gas  than  the  fe- 
cond ;  nor  is  the  fecond  equal  to  the  third  in  purity.  This 
circumftance  thews,  that  the  new-formed  gas  does  not  find  a 
vacuum  in  the  air  of  the  veflel;  on  the  contrary,  the  two 
fluids  produce  a  mechanical  mixture,  which  is  gradually  ex¬ 
pelled,  until  no  part  of  the  air  remains  in  the  tube  or  bottle. 

In  like  manner,  if  a  bottle  of  highly  aerated  water  be  opened 
fuddenly,  the  rapid  expand  on  of  the  liberated  gas  ejects  a 
great  part  of  the  contents,  thereby  proving  that  water  oppofes 
an  obftacle  to  the  dilatation  of  this  gas.  In  reality,  Mr.  Dalton 
allows  one  gas  to  be  an  impediment  to  the  motions  of  another; 
but  at  the  fame  time  he  maintains,  that  twro  fuch  fluids  finally 
overcome  their  mutual  ob  fir  unions,  and  occupy  the  fame 
fpace  in  a  date  of  perfect  independence.  This  is  a  propofi¬ 
tion  which  may  be  juftly  fufpedted  of  being  a  folecifm  in  pneu¬ 
matics,  until  the  author  of  it  has  proved  the  contrary  by  a  ri¬ 
gorous  demondration. 

Amongft  the  many  probabilities  which  have  been  offered  in  A  new  theory  »f 
fupport  of  the  hypothecs,  perhaps  none  are  more  ingenious  ^^rdy^afcs  n£> 
than  the  remarks  of  Mr.  Henry  ;  and  the  part  which  I  have 
taken  in  the  prefent  letter,  obliges  me  to  place  them  in  a  new 
light.  This  attempt  mud,  however,  be  preceded  by  a  theory, 
which  will  explain  the  relations  of  thofe  gafes  that  neither 
attradl  nor  repel  each  other  :  fuch  an  explanation  became  a 
neceflary  part  of  pneumatics,  from  the  time  when  Dr.  Priedley 
made  his  experiments  upon  mixtures  of  this  defeription.  The 
following,  then,  is  a  lketch  of  a  theory,  having  for  its  founda¬ 
tions  the  mutual  repulfion  of  homogeneous  particles,  and  the 
reciprocal  refi dance  which  gafes  have  been  diewn  to  podefs. 

When  two  fuch  gafes  come  into  contact,  parcels  of  each  Sketch  of  the  ] 
will  be  detached  by  every  flight  force,  and  enveloped  in  the  theoT* 
fubdance  of  the  other.  In  this  manner,  the  two  fluids  will  be 
broken  to  pieces,  and  blended  in  one  mafs  forming  a  mecha- 

3  nical 
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nical  mixture ;  the  component  parts  of  which  cannot  be  fe- 
parated  without  the  intervention  ot’  chemical  agents,  becaufe 
the  disjoined  fragments  of  each  gas  will  be  prevented  from  re- 
Exception  to  the  uniting  by  their  mutual  repulfion.  There  is  one  exception, 
gentry  iu  e.  however,  to  the  general  rule  ;  for  when  a  liquid  is  found  in  a 
mixture,  the  component  parts  will  follow  the  law  of  their 
fpecific  gravities;  becaufe  an  inelaftic  fluid  is  not  actuated  by 
an  intrinfic  repulfion,  in  all  other  cafes  the  gafeous  fragments 
will  continue  to  be  farther  and  farther  fubdivided,  and  will  con- 
ftantly  affume  a  new  arrangement  from  the  fligheft  agitations. 
The  conftituent  parts  of  fuch  a  mixture  exert  their  force  in 
perfeft  union  ;  and  this  circumfiance  difiinguifhes  it  from  Mr. 
Dalton’s  compound,  the  conftituent  gafes  of  which  prefs  fe- 
parately  upon  ail  furfaces. 

Thetheoryap-  The  neceffary  premifes  being  now  fettled,  it  is  lime  to  try 

plied  to  Mr.  .  qie  p0vvers  Gf  the  theory  upon  Mr.  Henry’s  experiments.  If, 
Henry  s  experi-  1  J  1  .  .  J  ,  ,,  r 

ments.  then,  ten  mealures  of  water,  containing  an  equal  bulk  ot  car¬ 

bonic  acid  gas,  be  prefted  by  a  column  of  the  fame  gas,  equi¬ 
valent  in  force  to  30  inches  of  mercury,  the  ftatc  of  the  aque¬ 
ous  compound  will  remain  invariable;  becaufe  the  fpring  of 
the  gas  in  the  water  appears,  by  Mr.  Henry’s  experiments,  to 
be  equal  to  the  fpring  of  the  incumbent  gas :  therefore,  fhould 
a  gafeous  particle  happen  to  efcape  from  the  compound,  an 
equal  particle,  from  the  upper  part  of  the  vefifel,  will  replace 
it  immediately.  But  if  the  incumbent  carbonic  acid  be  made 
to  give  place  to  a  mat’s  of  common  air  of  the  fame  elaftic  force, 
the  furface  of  the  aqueous  compound  w' ill  undergo  no  change 
of  preffure  ;  but  the  gafeous  part  of  it,  meeting  with  no  repul¬ 
fion  from  the  column  of  air,  will  begin  to  form  a  mechanical 
mixture  with  it,  according  to  the  theory.  The  parcels  of  the 
carbonic  acid  will  alfo  remain  diftinct,  according  to  the  fame, 
after  their  efcape  from  the  water  ;  and  as  a  number  of  them 
will  be  arranged  on  the  furface  dividing  the  two  mediums, 
they  will  form  fo  many  obfiacles  to  the  difeharge  of  their  kin¬ 
dred  gas;  the  egrefs  of  which  will  be  confined  to  the  inter¬ 
mediate  compartments  of  eafier  tranftnitlion  confifiing  of  com¬ 
mon  air.  The  divifion  of  the  furface  between  the  two  medi¬ 
ums,  into  compartments  of  eafy  tranfmiftion  and  impene¬ 
trable  points,  ultimately  produces  a  fort  of  equilibrium,  which 
aiTigns  their  refpe&ive  portions  of  the  elaftic  acid,  to  the  gafe¬ 
ous 
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ous  compounds.  The  origin  of  this  equilibrium  is  eafily  col¬ 
lected  from  the  preceding  theory  and  the  laws  of  pneumatics. 
For  the  globules  of  carbonic  acid,  contained  in  the  gafeous 
compound,  invariably  exert  the  force  of  30  inches  of  mercury; 
they  therefore  prove  too  powerful  for  the  rarefied  gas  of  the 
water,  which  they  comprefs,  and  infinuate  part  of  their  own 
fubftances  into  the  fluid  Whilfl  this  operation  is  going  on  at 
innumerable  points  in  the  furface,  portions  of  the  fame  gas 
are  conftantly  forced  through  the  compartments  of  eafy  tranf- 
miflion,  by  the  flighteft  3.giJations.  Now  the  quantity  of  gas 
which  is  difeharged  into  the  air  of  the  jar,  is  greateft  at  firft, 
ana  continually  dimini  flies  ;  on  the  contrary",  the  quantity  that 
is  forced  into  the  water  through  the  former  paflages,  is  leaft  at 
firtl,  and  increafes  afterwards ;  confequently  the  two  quantities 
ultimatel\  become  equal,  and  eflablifli  the  equilibrium  in  ques¬ 
tion,  by  the  contrariety  of  their  effects. 

The  preceding  is  a  genera!  propofition,  which  explains  a 
variety  of  appearances,  fuch  as  Mr.  Henry  has  deferibed,  by 
bv  the  well  known  principles  of  mechanics.  Should  the  con- 
fideration  of  it  be  attended  wnth  conviction  on  his  part,  he 
perhaps  will  give  a  new  turn  to  his  experimental  enquiries, 
and  endeavour  to  difeover  the  law  of  affinity,  w'hich  connects 
water  with  the  different  gales.  It  is  aimoft  certain,  that  this 
law'  is  not  the  fame  in  all  cafes,  as  will  be  feen  by  comparing 
the  experiments  of  M.  la  Saulfure  on  the  folution  of  water  in 
common  air,  with  Mr.  Kirwan’s  obfervations  on  the  folvent 
powers  of  hidrogen  ;  w’hich  may  be  found  at  page  14  of  the 
lirft  edition  of  his  Effay  on  Phlogifton. 

JOHN  GOUGH. 

Middlejhaio,  Aug.  23,  1804. 


P.  S.  The  following  error  requires  corredHon :  InVol.  VIII, 
page  244,  line  21,  before  the  words,  as  oft  as  zvater ,  read 
therefore ,  and  firike  out  the  fame  conjundlion  in  line  22. 


Concluding  re¬ 
marks. 


An 
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Experiments  on 
heat. 


Inftruments. 

Thermometers. 


Inftruments. 

Cylinders  to 
contain  hot 
■water,  and  fuf- 
fered  to  cool  with 
different  kinds 
ot  clothing. 


An  Enquiry  concerning  the  Nature  of  Ilcat  and  the  Modes  of  its 
Communication.  By  Benjamin  Count  of  Run  ford, 
V.  1\  R.  S.  (Spc.  Abridged  from  the  Philofophical  Tran/- 
adtions  for  the  Year  1  804. 

.A.FTER  remarking  that  all  difeoveries  on  an  agent  ot  fucli 
extended  operation  as  heat  cannot  jail  to  be  eminently  ufetui, 
the  author  proceeds  to  deferibe  the  apparatus  ufed  in  the  ex¬ 
periments  now  to  be  deferibed:  They  were  the  following. 

1.  Mercurial  thermometers  carefully  confiructed,  having 
cylindrical  bulbs,  four  inches  long  and  lour  tenths  of  an  inch  in 
diameter,  and  their  tubes  from  15  to  16  inches  long;  the  air 
being  excluded,  and  the  graduations  according  to  Fahrenheit, 
exhibiting  eight  parts  of  degrees  by  means  of  a  nonius. 

2.  Four  cylindrical  veflcls  of  thin  fheet  brafs,  for  afeertaining 
the  warmth  of  clothing.  Fig.  1.  Plate  l.  The  vetfel  isclofed 
at  both  ends;  but  has  a  neck  at  the  top,  into  which  hot  water 
is  occafionally  poured,  and  in  which  one  of  the  thermometers 
is  fitted  and  placed  during  the  time  of  an  experiment,  fo  that 
its  long  bulb  fhall  occupy  the  axis  of  the  vefiel,  and  will  flievv 
its  mean  temperature.  Another  cylindrical  neck  proceeds  from 
the  lower  furface,  and  is  lilted  upon  the  adjustable  part  of  the 
wooden  fiem  beneath.  The  veffels  are  four  inches  long  and 
four  inches  diameter,  and  (he  necks  are  about  eight  tenths  of 
an  inch  in  diameter,  the  upper  one  being  four  inches  long  and 
the  lower  three  inches.  When  the  veflfcl  is  clothed  and  charged 
with  hot  water,  its  rate  of  cooling  by  expofure  to  the  quiet  air 
of  a  large  room,  will  fhew  the  relative  warmth  of  each  parti¬ 
cular  kind  of  clothing. 

In  fome  of  the  experiments  the  ends  of  the  inflrument  were 
permanently  covered  by  the  application  of  a  thin  wooden  box 
to  each,  the  box  being  varnifhed  and  covered  with  fine  writing 
paper,  and  filled  with  fine  eider  down,  and  a  cap  of  fur  was 
pulled  over  the  box,  and  the  projecting  neck.  The  cloth¬ 
ing  of  thefe  cafes  was  applied  for  experiments  to  the  cylindrical 
furface. 

Two  of  the  inftruments  (No.  1  and  2.)  were  thus  covered 
up  at  the  ends,  and  the  other  two  (No,  3  and  4)  were  left  in 
the  flate  reprefented  Fig.  1.  without  the  permanent  coverings* 
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Iti  each  experiment  two  fimilar  inftruments  (fuppole  No.  1  Method  of  oper¬ 
and  No.  2,  or  No.  3  and  fvTo.  4)  were  u(ed,  one  nakcfland  the  atinS  w^^ 
other  covered ;  fo  that  in  each  experiment  the  naked  iriftrument  the  efi'edt  of 
ferved  as  the  ftandard  of  companion  with  the  other.  clothing. 

The  experiments  were  made  and  regiftered  in  the  following 
manner:  the  two  inftruments  ufed  in  the  experiment,  placed 
over  their  wooden  ftands,  being  fet  down  on  the  floor,  were 
filled  to  within  about  It  inch  of  the  tops  of  their  cylindrical 
necks  with  boiling  hot  water;  and  a  thermometer  being  put 
into  each  of  them,  they  were  placed  at  the  diftance  of  three 
feet  from  each  other,  on  a  large  table  in  a  corner  of  a  large 
quiet  room,  24  feet  long,  19  feet  wide  and  13  feet  high,  where 
they  were  buffered  to  cool  undifturbed.  Near  them,  on  the 
fame  table,  and  at  the  fame  height  above  the  table,  there  was 
placed  another  thermometer,  fufpended  in  the  air  to  the  arm  of 
a  ftand,  to  afeertain  the  temperature  of  the  air. 

Every  caution  was  ufed  to  prevent  difturbance  by  currents 
or  agitation  of  the  air,  whether  by  partial  heat  or  the  intrution 
of  any  perfon  during  the  progrefs  of  any  experiment. 

By  the  refults  of  a  great  number  of  experiments,  it  was  Scale  through 
found  that  the  fame  inftrument  cooled  through  any  given  w*110*1  the  refri* 

/riM  I  C  1  c  •  n  wo-  1  gerationwas 

(Imallj  number  or  degrees,  lor  inltance  1<J)  ,  in  very  nearly  meafured. 

the  lame  time,  whatever  was  the  temperature  of  the  air  of  the 
room;  provided  always  that  the  point  from  which  thefe  10  de¬ 
grees  commenced,  was  at  fome  conftant  number  of  degrees 
above  the  temperature  of  the  air  at  the  time  being.  The  in¬ 
terval  chofen  by  the  Count  lay  between  the  oOih  and  the  40th 
degrees  above  the  temperature  of  tfre  air  in  which  the  inftru¬ 
ment  wras  expofed  to  cool;  when  for  inftance,  the  air  wras 
at  588,  the  interval  commenced  at  103,  and  ended  at  98°. — 

When  the  air  w;as  at  64|°  it  commenced  at  1 14|°  and  ended 
at  104|°. 

The  warmth  of  any  covering,  or  its  power  to  confine  heat, 
wras  eftimated  by  the  time  employed  in  cooling  through  that 
interval. 

As  it  fometimes  happened,  though  very  feldom,  in  the  Method  of  fup- 

courfe  of  an  experiment  (which  commonly  lafted  feveral  hours)  P'yino  by  inter- 
*  c\  polation  the  ex- 

that  the  moment  of  the  paflage  of  the  mercury  through  one  or  treme  inftants  of 

both  of  thefe  extreme  points  was  not  obferved,  it  was  of  im-  timeelapfed, 

portance  to  determine  the  fame  by  interpolation  from  the  other  be  obferved? 

points  obferved.  To  do  this,  the  author  availed  himfelf  of 

the 
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the  following  law  of  cooling  of  hot  bodies  in  a  fluid,  which  he 
found  by  experiment  to  be  applicable  without  fenfible  error  in 
the  prefent  cafe :  It  is  that,  if  the  equal  portions  of  aright 
line  reprefent  fucceflive  intervals  of  time,  and  perpendiculars 
be  ere61ed  upon  the  fame,  to  denote  by  their  lengths  the  de¬ 
grees  of  the  excels  of  temperature  of  the  hot  body  beyond  that 
of  the  cold  medium,  at  points  denoting  the  correlponding  in- 
Hants  of  time,  the  line  joining  the  extremities  of  the  perpen¬ 
diculars  will  be  the  logarithmic  curve.  Whence  if  two  tem¬ 
peratures  and  the  elapfed  time  be  obferved,  it  will  be  eafy  by 
the  help  of  a  table  of  logarithms  to  determine  the  time  at  which 
any  intermediate  temperature  took  place.  This  is  exemplied 
by  the  Count,  who  then  proceeds  to  relate  his  experiments. 
Exp.  i.  Exp .  1.  One  of  the  veffels,  No.  1.  having  its  ends  clothed 

A  clothing  °f  as  before  defcribed,  and  its  poll  died  fides  naked,  was  filled 
the  heat  to  with  hot  water.  Another  veftel,  No.  2.  alike  in  all  refpe&s, 
efcape  much  but  having  its  fides  clofely  clothed  with  Irilh  linen,  fuch  as 

from  a  bright  is  fold  in  London  at  4s1.  per  yard,  was  filled  in  like  manner, 

metallic  furface.  anfi  both  were  iimilarly  expofed  to  cool. 

The  naked  inftrument  employed  5.5  minutes  in  cooling,  from 
94°  to  84°  Fahrenheit  (the  air  of  the  room  being  at  45°. ) — 
But  the  clothed  inftrument  was  cooled  through  the  fame  in¬ 
terval  in  36f-  minutes,  confequently  this  clothing  expedited  the 
emiflion  of  heat  infiead  of  confining  it. 

When  both  inftruments  were  cooled  to  42Q  they  were  re¬ 
moved  into  a  warmer  room  at  62°,  and  the  clothed  inftrument 
was  alfo  found  to  acquire  heat  confiderably  fafter  than  the 
other. 

Whether  the  linen  accelerated  the  cooling  by  aftifting  the 

fucceflion  of  frefli  particles  of  air,  or  by  promoting  the  efcape 

of  heat  by  radiation,  were  points  to  be  determined. 

Exp.  2.  The  Exp.  2.  To  decide  this,  the  linen  of  No.  2.  was  removed, 

fame  effect  from  ancj  tjie  fides  were  thinly  coated  with  glue.  In  thefe  circum- 
a  coating  or  glue.  .  J  ° 

ftances,  while  the  ftandard  or  naked  inftrument  cooled  through 

the  interval  in  55  minutes,  the  coated  inftrument  employed 

only  43|  minutes. 

In  reafoning  upon  this  experiment,  the  author  concluded, 
that  if  the  glue  operated  only  by  preventing  the  air  from  at¬ 
taching  and  fixing  itfelf  to  the  polifhed  metallic  furface,  and 
confequently  in  that  manner  facilitated  its  circulation  and  the 
cooling;  it  would  be  of  no  confequence,  whether  the  furface 
4  was 
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was  covered  by  one  or  more  coatings  of  glue:  But,  on  the 
contrary,  if  the  radiations  of  heat  were  facilitated  and  in- 
creafed,  it  might  be  expedied  that  a  greater  eftedi  would  be 
produced  by  two  coatings  than  by  one. 

Exp .  3.  The  experiment  was  therefore  tried,  and  it  was  Exp.  3.  More 
found  that  the  infirument  ufed  employed  only  37-f-  minutes  in  ^ncreafeVthe11*5 
paffing  through  the  interval.  effedt. 

Exp.  4,  5,6,  7.  When  the  experiment  was  repeated  with  Exp.  4,  5,  6,  7. 
clear  colourlefs  fpirit  varnifh,  the  fame  effect  was  produced,  var" 

and  it  was  augmented  as  far  as  by  four  coatings.  But  on  pro¬ 
ceeding  as  far  as  eight  coatings,  the  limit  of  the  greateft  effedt 
was  found  to  have  been  patted. 

Exp.  8,  9,  10.  Black  paint  (lamp  black  and  fize)  upon  the  Exp.  S,  9, 10. 
varnifh  increafed  the  cooling  effect  a  little.  When  the  i n fl.ru-  "and  blaclc  ^lze 
ment  was  cleaned  and  then  painted,  its  rapidity  of  cooling  was 

nearly  the  fame  =  35  minutes.  And  with  white  paint  the  dif- _ and  white, 

ference  wras  not  confiderable,  as  the  effedt  was  produced  in 
36  minutes.  As  the  paint  was  laid  on  in  feveral  fucceflive 
coatings,  the  Count  remarks  that  little  dependence  is  to  be 
placed  on  thefe  refults  as  indicating  a  difference  from  colour. 

Exp.  1 1.  The  clean  infirument  being  fmoked  black  over  a  Exp.  ir. 
wax  candle,  was  found  to  have  cooled  through  the  interval  in  And  °*  f™0^ 
36\  minutes,  while  the  fiandard  employed  55|  minutes.  The  from  a  candle' 
lamp  black,  when  wiped  off  and  weighed,  amounted  to  lefs 
than  Ty  of  a  grain,  though  it  had  completely  covered  50  fquare 
inches,  ' 

With  a  view  to  a  more  accurate  determination  of  the  velo¬ 
city  of  cooling,  it  was  neceftary  to  afcertain  what  heatefeaped 
through  the  permanent  clothing  at  the  ends.  This  was  done  Determination  of 
by  obferving  the  times  of  cooling  with  and  without  the  cloth-  *he  cldaPe  of: 

y  0  0  heat  at  the  flat 

ing,  and  comparing  the  effedts  with  the  refpedlive  furfaces  of  ends  of  the  ia~ 

expofure.  For  the  whole  furface  of  the  infirument  85.195 
fquare  inches,  is  to  the  furface  of  its  vertical  tides;  fo  is  the 
whole  quantity  of  heat  pafTed  oft  =  10000  to  the  quantity  that 
patted  through  the  fame  Tides  =  5885.  And  firice  by  obfer- 
vation  the  naked  infirument  required  45 £  minutes  to  cool 
through  the  fame  interval  as  wras  patted  through  in  55\  mi¬ 
nutes  when  the  ends  were  covered,  the  author  concludes  that 
45f-  :  55\  :  :  5885  :  7015“  what  would  have  pafted  in  the 
later  interval  through  the  upright  lurface,  and  confequently 
that  the  remainder  of  the  heatzz  2985  parts  mud  have  pafted 
through  the  covered  parts  of  the  infirument. 

By 
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By  applying  thefe  refults  to  the  numbers  in  Erp.  1 1.  where 
the  cooling  was  effeCied  in  36}  minutes,  the  Count  fays  as  53} 
minutes  give  2985  heat  paffed  through  the  covered  ends,  lo 
will  36}  minutes  give  1912  parts.  And  this  taken  from  10000, 
the  whole  heat  loti,  will  leave  8058  for  the  heat  that  really 
Whence  the  paffed  through  the  upright  Tides.  But  it  was  found  that7015 

reded*  ^  C°r"  Pa^s  ^irough  naked  Tides  in  55}  minutes:  Whence 
7015  :  55}  :  :  8058  :  63}.  And  confequently,  the  corrected 
times  are  36}  and  63},  which  exprefs  the  velocities  of  the 
paffage  of  heat  through  the  furface  of  the  naked  metal,  and 
that  which  was  blackened  with  fmoke,  viz.  as  5654  to  10000 
nearly. 

In  the  fame  manner  the  velocities  of  the  paffage  of  heat  in 
the  experiment  No.  6.  are  flievvn  to  have  been  as  4566  to 
10000. 

A  newcourfeof  It  has  been  remarked  that,  in  thefe  curious  indances  of  the 
experiments.  effects  of  modification  of  furface  or  clothing  upon  the  tran- 
fitions  of  heat,  the  effect  may  have  been  favoured  by  commu¬ 
nication  to  the  air,  or  by  facilitating  the  procefs  of  radiation. 
The  author’s  reafoning  upon  Exp.  2.  appeared  not  fo  decifive 
as  to  need  no  fupport  from  experiments  of  a  different  clafs. 
He  therefore  conftruCted  an  indrument  for  meafuring  the  effects 
of  radiation,  which  is  feen  in  Fig.  2,  Plate  I. 

Inftruments  for  Like  the  hygrometer  of  Mr.  Leflie,*  (as  the  Count  ob- 
improving radi-  ferves)  it  confifts  of  two  glafs  balls  at  the  ends  of  a  tube  C 
and  E.  The  tube  is  of  fuch  a  diameter  that  one  inch  in  length 
would  contain  15  grains  of  mercury;  the  balls  are  1.625 
inches  in  diameter;  the  upright  ends  of  the  tube  C  and  E  are 
each  10  inches  long;  the  horizontal  part  D  is  17  inches;  and 
the  board  A  13,  to  which  it  is  attached,  is  27  inches  long,  9 
inches  wide,  and  one  inch  thick.  The  pillar  F  fupports  a  cir¬ 
cular  vertical  fcrcen  made  of  padeboard,  covered  with  gilt 
paper  on  both  fides,  the  ufe  of  which  is  to  protect  one  of  the 
balls  from  rays  intended  only  to  act  upon  the  other.  The  balls 
contain  only  air,  and  a  fmall  drop  of  coloured  fpirit  of  wine 
is  introduced  by  means  of  a  diort  tube  projecting  from  one  of 
the  elbows  ;  which  fhort  tube  is  then  hermetically  fealed.  By  a 
little  management  the  bubble  of  fpirit  is  brought  to  red  in  the 
middle  of  the  horizontal  tube;  and  when  the  temperature  of 

*  Philofophical  Journal,  quarto  feries,  III.  4  61. 

the 


PHYSICAL  OPTICS. 


6$ 


the  air  in  either  of  the  balls  is  made  to  exceed  that  of  the 
other,  the  inereafed  elafticity  caufes  the  bubble  to  move  to¬ 
wards  the  colder  ball. 

By  a  Ample  contrivance  of  Hiding  boards,  the  hot  bodies 
were  moved  by  rack-work  and  a  winch  to  any  diftance  from 
the  thermofcope  without  the  attention  of  the  obferver  being 
taken  off  from  the  bubble  in  the  tube,  and  the  diftances  were 
alfo  (hewn  by  a  graduated  fcale  and  nonius.  Fig.  3.  Plate  I. 
Hievvs  one  of  thefe  bodies.  It  is  a  metallic  cylinder  having  its 
bafe, [which  is  to  be  prefented  to  the  thermofcope,  vertical,  and 
its  neck  obliquely  placed  for  the  purpofe  of  introducing  the 
hot  Water,  and  alfo  a  thermometer  for  (hewing  its  temperature 
at  any  required  time. 

The  experiments  and  obfervations  which  confiitute  the  remainder 
of  this  memoir  ivill  be  given  in  our  next. 


XIII. 

Experiments  and  Calculations  relative  to  phyfical  Optics.  By 
Thomas  Young,  M.D.  F.  R.  S.  From  the  Philofophkal 
Tranfadtions  for  1804. 

I.  EXPERIMENTAL  DEMONSTRATION  OF  THE  GENERAL 
LAW  OF  THE  INTERFERENCE  OF  LIGHT. 

1-  N  making  fome  experiments  on  the  fringes  of  colours  accom-  General  laws  of 

panying  Hiadows,  I  have  found  fo  iimple  and  fo  demon Hrati ve oHiglup^roved^ 

a  prool  of  the  general  law  ot  the  interference  of  two  portions  in  the  production 

of  light,  which  I  have  already  endeavoured  to  ehablifh,  that  I  ^^rn^es  ot 

think  it  right  to  lay  betore  the  Royal  Society,  a  (hort  ftatement 

of  the  fads  which  appear  to  me  fo  decilive.  The  propofuion 

on  which  I  mean  to  infiH  at  prefent,  is  Amply  this,  that  fringes 

of  colours  are  produced  by  the  interference  of  two  portions  of 

light;  and  I  think  it  will  not  be  denied  by  the  inoH  prejudiced, 

that  the  affertion  is  proved  by  the  experiments  I  am  about  to 

relate,  which  may  be  repeated  with  great  eafe,  whenever  the 

fun  (bines,  and  without  any  other  apparatus  than  is  at  hand  to 

every  one. 

Exper.  1.  I  made  a  fmall  hole  in  a  window-diutter,  and  ^XP*  *•  Fringe? 
covered  it  with  a  piece  of  thick  paper,  which  I  perforated  with  ftadowof  a  flip 

a  tine  of  card  are  prc- 


£4*  PHYSICAL  OPTICS, 

duced  by  the  in-  a  fine  needle.  For  greater  convenience  of  obfervation,  I  placed 

tcrtercnce ot  a  fmai]  looking  elafs  without  the  window-lliutter,  in  fuch  a  po- 
light from  both  hh  • 

edges.  For  in-  fition  as  to  reflect  the  fun's  light,  in  a  direction  nearly  horizon- 

terception  on  one  ta]  Up0n  theoppofite  wall,  and  tocaufe  the  cone  of  diverging 
fide  deftroysthe  1  r  .  ...  c  f  f 

eUcft.  light  to  pals  over  a  table,  on  which  were  leveral  little  lereens  ot 

card-paper.  I  brought  into  the  fun-beam  a  flip  ot  card,  about 
one-thirtieth  of  an  inch  in  breadth,  and  obferved  its  fliadow, 
either  on  the  wall,  or  on  other  cards  held  at  different  diftances. 
Befides  the  fringes  of  colours  on  each  fide  of  the  fiiadow,  tlie 
fliadow  itfelf  wasdivided  by  fimilar  parallel  fringes,  of  fmaller 
dimenfions,  differing  in  number,  according  to  the  difiance  at 
which  the  fiiadow  was  obferved,  but  leaving  the  middle  of  the 
fliadow  always  white.  Now  thefe  fringes  were  the  joint  effects 
of  the  portions  of  light  pafiing  on  each  fide  of  the  flip  of  card, 
and  inflected,  or  rather  diffracted,  into  the  fiiadow.  For,  a 
little  fereen  being  placed  a  few  inches  from  the  card,  fo  as  to 
receive  either  edge  of  the  fiiadow  on  its  margin,  all  the  fringes 
which  had  before  been  obferved  in  the  fiiadow  on  the  wall 
immediately  difappeared,  although  the  light  inflected  on  the 
other  fide  was  allowed  to  retain  its  courfe,  and  although  this 
light  mufi  have  undergone  any  modification  that  the  proximity 
of  the  other  edge  of  the  flip  of  card  might  have  been  capable 
of  occafioning.  When  the  interpofing  fereen  was  more  re¬ 
mote  from  the  narrow  card,  it  was  neceflary  to  plunge  it  more 
deeply  into  the  fiiadow',  in  order  to  extinguifii  the  parallel  lines; 
for  here  the  light,  diftrafted  from  the  edge  of  the  obje6t,  had 
entered  further  into  the  fliadow,  in  its  way  towards  the  fringes. 
Nor  was  it  for  want  of  a  fuflicient  intenfity  of  light,  that  one 
of  the  two  portions  was  incapable  of  producing  the  fringes 
alone  ;  for,  when  they  w'ere  both  uninterrupted,  the  lines  ap¬ 
peared,  even  if  the  intenfity  was  reduced  to  one-tenth  or  one- 
twentieth. 


(To  be  continued.) 
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ARTICLE  I. 

Extract  of  a  Letter  from  Count  Apollos  de  MouJJln  Poujhkin,  to 
Charles  Hatchett ,  Efq.  F.  R.  S.  defcribing  his  Method  of  pre¬ 
paring  Malleable  Platina.  Communicated  on  the  Requejl  of 
the  Count ,  by  Charles  Hatchett,  Efq.  F.  R.  S.  and  nozu 
firjl  publijhed . 

i.  Precipitate  the  platina  from  its  folution  by  muriate  Punf*  of  pia- 
of  ammonia,  and  wafh  the  precipitate  with  a  little  cold  water.  precjpt  tj)e 

2.  Reduce  it  in  a  convenient  crucible  to  the  well-known  folution  by  mur. 

fpungy  metallic  texture,  which  wath  two  or  three  times  with  ^  R^uce  to  the 
boiling  water  to  carry  off  any  portion  of  faline  matter  which  fpongy  metal, 
may  have  efcaped  the  a£lion  of  the  fire.  and  vva^* 

3.  Boil  it  for  about  half  an  hour  in  as  much  water  mixed  3*  Boll  in  weak 

with  one  tenth  part  of  muriatic  acid  as  will  cover  the  mafs  to  ™ur' 

1  _  carry  oil  all  iron. 

the  depth  of  about  half  an  inch  in  a  convenient  glafs  veffel. 

This  will  carry  off  any  quantity  of  iron  that  might  Hill  exifl  in 
the  metal. 

4.  Decant  the  acid  water,  and  edulcorate  or  flrongly  ignite  4*  Edulcorate 

the  platina.  and  ignite. 

5.  To  one  part  of  this  metal  take  two  parts  of  mercury,  and  5*  Amalgamate 
amalgamate  in  a  glafs  or  porphyry  mortar.  This  amalgamation  11 
takes  place  very  readily.  The  proper  method  of  condu&ing 

it  is  to  take  about  two  drams  of  mercury  to  three  drams  of 
Vol.  IX. — October,  1804.  F  platina. 
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6.  Mould  the 
amalgam  into 
pieces}  which 
foon  become 
folid. 


platina,  and  amalgamate  them  together;  and  to  this  amalgam 
may  be  added  alternate  fmall  quantities  of  platina  and  mercury 
till  the  whole  of  the  two  metals  are  combined.  Several  pounds 
may  be  thus  amalgamated  in  a  few  hours,  and  in  the  large  way 
a  proper  mill  might  fhorten  the  operation. 

6.  After  the  amalgam  is  completely  produced,  it  muff  be 
quickly  moulded  in  bars  or  plates,  or  any  other  forms  that  may 
be  preferred;  taking  care  that  thefe  moulded  pieces  thould  at 
lead:  be  half  an  inch  in  thicknefs,  and  of  a  proper  length  to 
manage  them  afterwards  in  the  fire;  it  is  alfo  requifite  that 
the  moulds  fhould  be  perfectly  even  and  fmooth.  Half  an  hour 
after  the  pieces  are  formed  they  begin  to  harden  by  the  oxi¬ 
dation  of  the  mercury,  and  change  their  brilliant  metallic  co¬ 
lour  for  a  dull  leaden  one. 

7.  As  foon  as  the  pieces  have  acquired  a  proper  degree  of 
mercury ,  by  ig-  hardnefs  to  be  handled  without  danger  of  breaking,  which 

commonly  takes  place  in  a  little  more  than  an  hour,  place  them 
in  a  proper  furnace,  and  keep  them  ignited  under  a  muffle  or 
in  a  fmall  reverberatory.  No  other  precaution  is  neceffary  in 
this  operation  but  that  of  not  breaking  the  pieces  during  their 
Laftly,  tranfport.  The  mercury  flies  off  during  the  heat,  and  the  pla- 

*'*&lT*  tina  remains  perfectly  folid;  fo  that,  after  being  drongly  ig- 
forge  or  laminate  ni ted  two  or  three  times  before  the  bellows,  it  may  be  forged 


7.  Expel  the 


it. 


To  fave  the 
mercury  on  a 
targe  dale. 


or  laminated  in  the  fame  manner  as  gold  or  filver;  care  being 
taken,  at  the  commencement  of  the  forging  or  of  pafling  it 
between  rollers,  not  to  apply  too  great  a  force  till  the  metal  has 
acquired  all  its  denfity.  It  is  almoft  fuperfluous  to  add  that  in 
evaporating  the  mercury  from  large  quantities  of  amalgam,  a 
proper  apparatus,  fuch  as  in  the  filver  amalgamation,  muff  be 
employed  to  receive  the  volatilized  mercury;  but  for  fmall 
quantities,  where  the  lofs  of  this  metal  is  of  no  confequcnce, 
the  furnace  muff  have  a  proper  chimney  to  carry  off  the  metal¬ 
lic  vapours.  When  the  platina  comes  out  of  the  firft  fire  its 
dimenfions  are  about  two  thirteenth  parts  fmaller  every  way 
Remarks  on  this  than  the  original  amalgam  from  the  mould.  The  whole  of  this 


procefs. 


operation  feems  to  be  governed  by  the  prelfure  of  the  atmof- 
phere  and  the  laws  of  cohefive  attra£iion:  for  the  air  is  driven 
out  from  between  the  molecules  of  the  platina,  which  by  their 
folution  in  mercury  are  mod  probably  in  their  primitive  and 
confequently  uniform  figure.  It  is  very  vifible  and  at  the 
lame  time  a  very  amufing  phenomenon  to  obferve,  (during  the 

procefs 
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procefs  of  ignition,  which  is  performed  in  four  or  five  minutes) 
how  the  platina  contracts  every  way  into  itfelf,  as  if  prefled  by 
fome  external  force.* 


I  have  alfo  lately  obtained  triple  falts  of  muriate  of  platina  Triple  muriatic 

with  muriate  of  ponderous  earth :  and  alfo  with  muriate  0f  faks  °f  p,atina> 

1  with  earths  and 

magnefia;  and  I  flrongly  fulpeft  that  every  other  earth  except  with  metals ; 

the  filiceous,  and  even  the  metals,  are  fufceptible  of  fuch  triple 

combinations.  I  have  likewife  obtained  a  very  beautiful  fait  — beautiful  fait 

of  platina  by  the  combination  of  foda  and  platina  with  the  mu-  Wlthft>da, 

riatic  acid ;  a  combination  which  Bergman  and  feveral  other 

chemifls  deny.  The  beft  manner  of  obtain itig  it  is  by  diflolv- 

ing  the  platina  in  nitrous  acid,  to  which,  for  that  purpofe,  two 

parts  of  muriate  of  foda  and  one  of  platina  are  added.  The 

platina  mud  be  made  in  a  retort  with  its  receiver,  and  after 

about  four  fifths  of  the  fluid  have  come  over,  the  procefs  mud 

be  interrupted,  and  the  whole  left  to  cool  in  the  (and  bath. 

The  fait  cryftallizes  in  fineprifms,  which  are  fometimes  four  or 
five  inches  long,  and  either  red  brown,  like  titanium,  yellow, 
like  amber,  or  of  a  beautiful  coquelicot  colour,  according  to 
the  purity  of  the  platina.  I  enclofe  here  my  addrefs  during 
my  abfence,  and  hope  you  will  receive  with  indulgence  the 
contents  of  this  letter. 

I  am  with  great  regard.  Sir, 

Yourmoft  humble  and  obedient  fervant. 

Count  Apollos  Moussin  Poitshkin. 

*  In  the  Count’s  letter  to  Mr.  Hatchett,  requefting  him  to  pub¬ 
lish  the  method  in  the  text  (communicated  to  Mr.  H.  fome  years 
ago)  the  following  addition  is  given  :  (in  French.) 

<c  As  foon  as  my  amalgam  of  mercury  is  made,  I  comprefs  the 
fame  in  tubes  of  wood,  by  the  preflure  of  an  iron  fcrew  upon  a  cy¬ 
linder  of  wood,  adapted  to  the  bore  of  the  tube.  This  forces  out 
the  fuperabundant  mercury  from  the  amalgam,  and  renders  it  folid. 

After  two  or  three  hours  I  burn  upon  the  coals  or  in  a  crucible 
lined  with  charcoal,  the  Iheath  in  which  the  amalgam  is  contained, 
and  urge  the  fire  to  a  white  heat  j  after  which  I  take  out  the  platina 
in  a  very  folid  ftate,  fit  to  be  forged.” 
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On  Pepper.  By  Thomas  Thomson,  M.  D.  Communicated 

by  the  Author. 


Vegetable  che-  OTWITHSTANDING  (lie  great  number  of  labourers 
miftry ntgle£Ud.  j)ave  engaged  in  the  cultivation  of  chemidry,  the  field 
of  that  alluring  fcience  is  too  extenfive  to  be  fully  occupied. 
While  many  fubdivifions  are  left  entirely  wade,  and  others 
exhibit  here  and  there  only  faint  traces  of  improvement,  fome 
fortunate  fpots,  either  from  their  fuppofed  importance,  or  from 
the  influence  of  fatbion  or  accident,  have  been  crowded  with 
workmen,  and  cultivated  with  enthufiafiic  eagernefs.  The 
mineral  kingdom  has  probably  engaged  the  exclufive  attention 
of  nearly  two  thirds  of  the  whole  body  of  pradtical  chemifts: 
The  animal  kingdom,  in  confequence  of  the  intimate  connec¬ 
tion  between  chemiftry  and  medicine,  has  enjoyed  a  confi- 
derable  fliare  of  cultivation ;  but  the  vegetable  kingdom,  though 
furely  not  inferior  in  importance,  and  apparently  rather  more 
alluring,  has  till  lately  been  greatly  negledted,  at  lead  in 


Reafons  why 
this  branch  muft 
be  always  lets 
accurate  than 
mineral  che¬ 
miftry. 

\ 


Changes  in  ve¬ 
getable  matter 
after  life }  and 
by  reagents. 


Britain. 

Indeed  it  is  not  likely  that  vegetable  chemiftry  will  ever 
arrive  at  the  precifion  which  we  have  a  right  to  look  for  in 
the  analyfis  of  minerals.  The  condituents  of  the  latter  feem 
fcarcely  fufceptible  of  altering  their  date ;  but  thofe  of  vegeta¬ 
bles  run  progreflively  through  a  regular  fuite  of  changes. — 
Thus  the  fubdance,  which  in  the  embryo  car  of  corn  pode fifes 
the  properties  of  mucilage,  appears  in  the  ripened  grain  under 
the  form  of  Jtarch.  Between  thefe  two  extremes  there  exids 
an  indefinite  number  of  intermediate  dates,  through  all  of 
which  the  vegetable  matter  fuccedively  runs.  The  rapidity 
and  completion  of  thefe  changes  depend  upon  a  multitude  of 
circumdances.  In  no  cafe  can  they  proceed  exadtly  in  the 
tame  order  and  at  the  fame  rate  unlefs  all  the  circumdances 
tally.  Without  this  the  condituents  of  two  vegetables  even  of 
the  fame  (pecies,  cannot  be  in  the  fame  date,  and  of  courfe  the 
analyfis  of  each,  though  conducted  with  the  mod  perfedt  ac¬ 
curacy,  will  by  no  means  exhibit  an  exadt  coincidence. 

But  even  fuppofing  the  condituents  of  two  vegetable  bodies 
in  every  refpedt  the  fame,  dill  the  analyiis  of  each  may  lead 

to 
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to  different  refults.  Vegetable  fubftances  not  only  pafs  through 
a  fuit  of  changes  while  they  conftitute  a  part  of  the  living 
plant,  but  many  of  them  are  hill  fufceptible  of  continuing  the 
fuit  even  after  they  are  feparated  from  the  parent  that  produced 
them.  Thus  g/wtoi  when  kept  moitl  runs  into  cheefe;  oil  when 
long  expofed  to  the  fun  and  air  hardens  into  tv  ax  or  refin,  and 
the  milky  juices  of  plants  into  gum-rejins.  Our  anal) (is  fre- 
quentl)  ac  celerates  or  occafions  thefe  changes,  and  even  pro¬ 
duces  others  altogether  new.  Hence  the  principles  which  we 
extract  from  vegetable  bodies  are  not  always  the  conftituents  of 
thefe  bodies;  but  a  new  fet  of  principles  formed  during  the 
analyfts,  and  of  courfe  varying  according  to  the  nature  and 
circumftances  of  the  experimental  inveftigation.  Hence  we 
are  feldom  able  to  form  again  the  old  vegetable  compound  by 
uniting  together  all  the  ingredients  which  we  have  extracted 
from  it. 

Thefe  difficulties  increafe  with  the  complicated  nature  of  the  Complication  of 
vegetable  body  ;  for  the  greater  the  number  of  conflituents  is,  Pr*nciPles* 
the  more  liable  are  they  to  undergo  alteration  during  an  analy- 
fis.  Indeed  fome  vegetable  principles  feem  incapable  of  ex¬ 
iting  except  in  combination,  and  are  decompofed  or  new  mo¬ 
dified  the  in  (tan  t  we  attempt  to  feparate  them. 

The  variety  of  hates  in  which  the  vegetable  principles  fuc-  Loofe  nomen. 
ceffively  exift,  together  with  the  difficulty  of  examining  their  vege” 

properties  without  altering  their  nature,  has  rendered  it  necef- 
fary  for  chemifts  to  apply  the  names  of  them  with  greater  lati¬ 
tude  than  is  ufual  in  other  departments  of  the  fcience.  A  ge¬ 
neral  refemblance,  indeed,  in  the  mod  ftriking  properties, 
feems  to  have  been  thought  fufficient  to  entitle  vegetable  prin¬ 
ciples  to  the  fame  name.  If  we  examine  all  the  bodies  termed 
gum,  we  tliall  find  them  running  on  the  one  hand  into  jtarch , 
and  on  the  other  into fugar;  and  forming  a  pretty  long  feries, 
having  fugar  and  (larch  at  the  two  extremities:  no  two  of  the 
fubftances  conftituting  the  feries  are  exactly  the  fame;  but  the 
fame  name  is  ufually  applied  to  all  thofe  that  have  a  general 
refemblance.  This  will  be  eaftly  feen  by  the  following  table, 
in  which  I  have  fubdivided  the  feries  into  five  genera. 


Cl.  Common  sugar 
<  2.  Sugar  of  grapes 
13.  Sugar  of  beet. 


Inftances  in 
fugar,  gum, 
flarch. 


Genus  I.  Sugar  - 


II.  Sarcocoll 
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Thefe  terms 
generic. 


Subject  intro 
duced  : 
Pepper. 


Defcription. 


Maceration  in 
cold  water. 

i 


II.  SarcocolJ  - 


III.  Gum  -  - 


JV.  Gluten  - 


V.  Starch 


1.  Manna 

2.  Liquorice 

3.  Common  farcocoll 

4.  Saccharine  of  malt. 


{ 

{ 


-  1 .  Mucilage  of  roots 

2.  Cherry-tree  gum 

3.  Gum-Ara  bic 

4.  Gum  of  barks. 

1 .  Gluten  of  barley 

2.  Gluten  of  wheat 

3.  Cafeous  principle. 

1.  Gum  tragacanth 

2.  Gum  of  lichens. 

3.  Common  (larch. 


are  The  terms  gum,  Jlarch ,  fugar ,  &c.  in  vegetable  chemidry 
are  not  to  be  underfloor!  as  the  names  of  peculiar  fubdances, 
nor  even  as  fpecies;  but  merely  as  genera,  and  nearly  fimilar 
to  the  terms  metals,  acids,  alkalies,  &c.  in  the  other  depart¬ 
ments  of  chemihry. 

The  preceding  obfervations  will  ferve,  I  truft,  as  an  apology 
for  the  imperfeftion  of  the  following  remarks  on  pepper .  I 
offer  them  to  the  public  not  as  an  analyfis  of  that  vegetable  fub- 
hance,  but  as  an  account  of  fome  of  the  properties  of  its  mod 
remarkable  conhituents. 

I.  Black  pepper  is  the  fruit  of  an  Eah  Indian  plant,  the 
piper  nigrum,  and  is  too  well  known  to  require  any  particular 
defcription.  The  outer  coat  of  the  pepper-corn  is  brown, 
and  a  good  deal  fli ri veiled.  Its  tafte  is  not  nearly  fo  pungent 
as  the  inner  part;  of  courfe  it  contains  lefs  of  the  peculiar  prin¬ 
ciple  to  which  pepper  owes  its  tahe  and  fmell, 

II.  When  pepper  is  macerated  in  cold  w'ater  it  does  not 
lofe  its  (hrivelled  appearance;  a  proof  that  the  corns  are  im¬ 
pregnated  with  an  oily  fubhance,  which  prevents  them  from 
abforbing  water.  The  liquid  very  foon  acquires  a  fine  deep 
reddifii  brown  colour,  but  retains  its  tranfparency.  Ji  fiite pep¬ 
per,  which  is  known  to  want  the  outer  coat,  communicates  no 
fuch  colour  to  water;  the  colouring  matter  then  mud  refide  in 
the  outer  coat. 

The  watery  infufion  thus  obtained  poffefies  the  fmell  and 
Jade  which  are  peculiar  to  pepper.  Like  mod  other  extracts , 

if 
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it  has  the  property  of  giving  a  red  colour  to  vegetable  blues. 

A  very  greai  quantity  of  water  fucceffively  applied  is  neceffary 
to  exhauft  the  pepper  of  its  colouring  matter:  but  the  fmell 
and  tafie  of  pepper  become  lets  and  lefs  ftrong  in  thefe  infu¬ 
fions,  and  at  laft  altogether  imperceptible,  leaving  the  infufions 
infipid,  or  flightly  fweetifh. 

1.  Thefe  cold  infufions  contain  a  peculiar  extradive  matter.  Peculiar  cxtraR- 
which  leems  -o  refide  in  the  outer  coat  of  the  pepper-corn.  ive  matter* 

In  the  firfi  infufions  their  matter  is  united  to  the  fubftance,  in 
which  the  tafie  and  fmell  of  pepper  refide,  and  occafions  its 
(blubility  in  water.  In  the  Iafi  infufions,  if  we  judge  from 
their  appearance,  it  teems  to  be  mixed  with  a  mucelaginous 
fubftance. 

2.  If  we  mix  the  infufion  of  nut-galls  with  the  cold  infufion  Cold  and  hot 
of  pepper,  no  fenfible  change  is  produced;  but  in  a  decodtion  sweated11" 
of  pepper,  it  produces  a  copious  flaky  precipitate.  Hence  with  infuf.  of 
we  learn  that  there  is  a  fubftance  in  pepper  infoluble  in  cold 

water,  but  feparated  by  means  of  boiling  water.  This  fub- 
Itance,  as  fha.ll  be  afterwards  fhown,  is  a  fpecies  of  fiarch. 

3.  When  pepper  is  macerated  in  alcohol  it  communicates  a  Maceration  of 
light  yellowifh  green  colour  to  the  liquid,  which  becomes  at  ^jj^nd'di ui Ha" 
the  fame  time  fully  impregnated  with  the  peculiar  hot  princi-  tion  leave  'volatile 
pie  which  characterizes  pepper.  By  difiilling  this  tindture  in  c^‘ 

a  retort,  the  alcohol  is  obtained  colourlefs,  but  of  a  decidedly 
peppery  flavour.  Towards  the  end  of  the  diftillation,  the 
liquid  in  the  retort  becomes  muddy,  and  depofites  a  greenifli 
matter,  part  of  which  may  be  obferved  alto  trickling  down  the 
fid  es  of  the  receiver  like  drops  of  oil.  The  refidual  liquid  is 
yellow,  but  nearly  infipid.  This  green  matter  is  the  fubfiance 
to  which  pepper  is  indebted  for  its  tafie  and  fmell.  Its  pro?- 
perties  are  analogous  to  thofe  of  the  volatile  oils. 

4.  Thefe  three  bodies,  namely,  extradive,  fiarch  and  oil,  I 
confuler  as  the  mod  important  ingredients  of  the  pepper-corn. 

Let  us  examine  the  properties  of  each,  beginning  with  the  oil, 
which  is  obvioufly  the  eflential  ingredient. 

III.  The  colour  of  the  oil  of  pepper  is  grafs  green.  When  Characters  of 
firfi  obtained  it  is  of  the  confidence  of  turpentine,  but  it  gra-  0l1  pcpper* 
dually  hardens  by  expofure  to  the  air.  When  moderately 
heated,  it  gives  out  a  liquid  oil  of  a  yellowifh  green  colour, 
and  leaves  a  folid  mats,  timilar  nearly  to  a  refin.  When  thrown 
into  water,  it  finks  to  the  bottom  of  that  liquid. 

Its 
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Tafte  and  fmell 
ftrong,  and  that 
of  the  pepper¬ 
corn. 

Habitudes. 

Inflammable. 


Volatile  by 
ftrong  heat. 


Soluble  in  alco¬ 
hol  and  in  ether, 
but  not  in  water, 
&c. 


A&ion  of  al¬ 
kalis. 


of  nitric  acid, 


—  and  of  ox. 
mur.  acid. 

It  is  a  vol.  oil, 
with  col.  matter 
and  refin. 


Extractive  of 
pepper. 


Its  tafte  is  intolerably  hot,  and  precifely  fimilar  to  that  of 
pepper.  So  is  its  fmell. 

When  heated  to  100°,  it  foftens;  it  melts  at  148°,  evapo¬ 
rates  a  little  above  212°  in  a  white  fmoke,  which  fmells  like 
tobacco  fmoke,  irritating  the  throat  and  exciting  coughing. 
Evaporated  to  drynefs  on  a  glafs  plate,  it  leaves  a  yellow  trace 
behind  it.  When  (uddenly  heated,  it  boils  violently,  and  the 
vapour  burns  with  a  clear  white  flame  without  any  Imoke. 

It  gives  agreafy  flain  of  a  green  colour  to  paper.  At  500° 
the  greafy  appearance  is  removed,  but  the  green  mark  dill  con¬ 
tinues,  unlefs  the  heal  be  tufficient  to  char  the  paper.  Hence 
I  think  it  follows,  that  the  colouring  matter  of  this  oil  is  a  fub- 
fiance  entirely  didinfl  from  the  oil  itfelf. 

The  oil  of  pepper  is  infoluble  in  water;  alcohol  and  ether 
diffolve  it  readily;  the  folution  is  light  green:  alcohol  holding 
it  in  folution,  acquires  a  very  fragrant  odour,  precifely  fimilar 
to  that  of  oil  of  lavender.  When  w’ater  is  added  to  this  folu¬ 
tion,  the  whole  becomes  milky,  and  palfes  in  that  liate  through 
the  filter.  On  handing  fome  weeks,  light  green  flakes  (ubfide, 
but  the  milky  opacity  is  permanent. 

Alkalies  have  no  fenfible  action  on  this  oil  while  cold. 
When  thrown  into  liquid  potafh  it  (wims  on  the  furface.  If 
the  liquid  be  heated,  the  oil  becomes  brown  and  acquires 
greater  confidence.  At  the  fame  time  it  evaporates  partially, 
diffufing  around  the  peculiar  odour  of  pepper. 

Nitric  acid  diffolves  it  with  effervefcence,  the  folution  is  vel- 
lowifh  brown,  and  a  waxy  matter  fwims  on  the  furface.  This 
acid  acts  in  the  fame  manner  on  other  volatile  oils. 

The  oxygenized  muriatic  acid  deflroys  the  green  colour  and 
makes  it  vellowifh  white.  But  it  fliil  retains  its  former  taffe. 

Thefe  properties  are  fufficient  to  authorize  us  to  refer  this 
green  matter  to  the  genus  of  volatile  oils  It  is  not  however 
a  pure  oil,  for  befides  the  colouring  matter  already  mentioned, 
it  obvioufly  contains  a  dbftance  which  approaches  to  the  genus 
of  refins  in  its  properties. 

IV.  The  extractive  of  pepper  is  procured  by  macerat¬ 
ing  the  pepper-corns  in  cold  water.  Like  the  other  (pedes  of 
this  difficult  genus  of  vegetable  principles,  it  is  Scarce  poffible 
to  obtain  it  in  a  ftate  of  abfolute  purity.  But  if  we  macerate 
the  pepper-corns  w'hole  in  fucceffive  portions  of  water,  till  the 
liquid  lofes  the  peppery  flavour,  and  then  pour  on  them  frelh 
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water,  we  obtain  an  infufion  which  I  believe  holds  in  folu- 
tion  fcarcely  any  thing  but  extractive.  If  this  infulion  be  eva¬ 
porated  (lowly  in  a  fleam  heat,  it  leaves  a  brown  refiduum, 
which  I  confider  as  extradive  of  ftareh  not  far  trom  purity. 

1.  The  infufion  is  infipid  or  (lightly  fweetifh,  and  of  a  fine  Aq.  folutioa 

redd i Hi  brown  colour.  As  the  evaporation  advances,  the  co-  evap.  leaves 
-  .  1  .  ftareh. 

lour  deepens,  and  the  liquid  acqu. res  an  acrid  flavour,  fimilar 

to  that  of  fcorched  vegetable  matter.  This  flavour,  which  in¬ 
dicates  a  commencement  of  decompofition,  is  evolved  at  a 
very  moderate  temperature. 

2.  If  the  evaporation  be  conducted  rapidly  the  extradive  is 
opaque,  dark  brown,  and  has  a  perceptible  tafle,  and  dele- 
quefees  or  at  lead  attrads  moifture  when  firft  expofed  to  the 
atmofphere.  Hut  by  very  flow  evaporation  I  have  obtained 
it  in  fine  femi-tranfparent  brown  feales,  which  are  infipid, 
brittle,  and  not  altered  by  expofure  to  the  air. 

3.  This  extradive  diflolves  readily  in  water,  but  not  in  al-  Soluble  in  water, 
cohol.  If  it  be  repeatedly  ditfolved  in  w-ater,  and  the  folu-  not  alco~ 
tions  evaporated  to  drynefs,  a  fmall  portion  of  it  becomes  in- 

foluble  in  that  liquid;  but  the  greater  part  continues  foluble 
after  the  procefs  has  been  repeated  occafionally  even  for 
months. 

4.  This  extradive  is  precipitated  from  water  by  mod  of  the  Precipit.  by 

metallic  faltsand  by  feveral  of  the  earthy  folutions.  metallic  Talcs, 

J  j  _  &c. 

It  is  thrown  down  in  brown  flakes  by  lime-water  ftrontian 

water  and  alum.  Barytes  water  deepens  the  colour,  but  oc- 
cafions  no  fentible  precipitate;  nor  is  any  precipitate  pro¬ 
duced  by  filicated  potafs  or  the  magnefian  falts. 

It  is  precipitated  brown  red  by  the  nitro-muriate  of  gold, 
the  nitrate  of  filver,  mercury,  lead  and  bifmuth,  and  by  the 
muriate  of  tin  and  antimony.  When  mixed  with  the  infufion 
of  litmus,  the  colour  becomes  red.  Ammonia  refiores  the  ori¬ 
ginal  colour,  and  at  the  fame  time  throw's  down  a  copious  blue 
lake. 


5.  When  a  current  of  oxymuriatic  acid  is  parted  through  — by  ox.  mur. 
the  infufion  of  pepper,  the  brown  colour  is  fpeedily  converted  acid* 
into  a  pale  yellow,  and  the  extradive  precipitates  in  white 
flakes.  The  eafieft  method  of  making  this  experiment  is  the 
following:  Put  a  quantity  of  the  hyperoxymuriate  of  pofafii 
into  a  fmall  retort,  having  a  long  neck  (or  a  flafk  provided 
with  a  bent  glafs  tube  ground  into  it)  and  pour  upon  it  a  por¬ 
tion 
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tion  of  muriatic  acid.  Let  the  infufion  of  pepper  be  put  into 
a  tall  glafs  veflel,  and  plunge  the  beak  of  the  retort  to  the  bot¬ 
tom  of  it.  A  current  of  oxymuriatic  acid  is  difengaged  from 
the  fait,  and  pades  in  bubbles  through  the  infufion  for  a  confi- 
derable  time. 

When  ammonia  is  added  to  the  infufion  thus  made  white, 
the  original  red  colour  is  refiored.  The  white  flakes  precipi¬ 
tated  by  oxymuriatic  acid  gas  are  infoluble  in  cold  water. 

V.  That  pepper  contains  a  fpecies  of  fiarch,  I  conclude 
from  the  following  experiment,  which  I  have  frequently  re¬ 
peated.  When  the  decoction  of  pepper  is  mixed  with  the  in- 
hot,  but  notin  fuflon  0f  nut-galls,  a  copious  precipitate  falls  in  reddifh  brown 
flakes.  If  this  liquid  be  heated  to  the  temperature  of  about 
120°,  the  precipitate  is  re-difiblved,  but  appears  again  when 
the  lolution  cools.  Now  the  only  fubfiance  which  poll*  lies 
the  property  of  forming  with  tan,  a  precipitate  nearly  infoluble 
in  cold  water,  but  very  foluble  in  hot  water,  is  fiarch.  Tan 
indeed  throws  down  gluten,  but  the  precipitate  i  not  re-dif- 
folved  in  the  application  of  heat.  It  throws  down  caoutchouc 
and  fome  of  the  gum-refins,  but  the  precipitate  is  fcanty  and 
probably  owing  to  the  extraneous  matter.  The  precipitate 
which  it  forms  with  gelatine  and  albumen  cannot  even  by  the 
mofi  carelefs  obferver,  be  confounded  with  the  compound  of 
This  property  is  fiarch  and  tan.  But  betides  this  property,  which  I  confideras 
chara&eriftic  of chara£leriftic,  the  fiarch  of  pepper,  agrees  with  common 
fiarch  in  the  phenomena  which  it  exhibits  with  the  different 
chemical  reagents. 

As  thefe  phenomena  have  not  yet  been  detailed  by  chemical 
writers,  it  may  be  necefiary  to  give  a  fhort  fketch  of  them  in 
this  place. 

Starch  not  eafily  1.  Starch  is  one  of  thofe  vegetable  bodies  that  are  leafi  li- 
decompofed.  able  decompofition.  It  confiitutes  one  of  the  mofi  import¬ 
ant  articles  of  food,  and  acts  an  important  part  in  the  produc¬ 
tion  of  fermented  liquors.  The  obvious  properties  of  com¬ 
mon  fiarch  are  too  w  ell  known  to  require  any  defcription. 

2.  Neither  alcohol  nor  ether  nor  water  are  capable  of  dif- 
folving  it.  The  lafi  liquid  when  afiifted  by  a  boiling  heat, 
readily  unites  with  it,  and  forms  a  kind  of  jelly,  which  may 
be  ditfufed  through  boiling  water;  but  when  the  mixture  is 
allowed  to  fiand  a  fufiicient  time,  the  fiarch  flowly  precipitates 

Forms  a  jelly  t0  the  bottom.  By  drying  the  compound  of  fiarch  and  water, 
with  hot  water  J  1 

which  is  little  3  brittle 

changed. 


Phenomena  of 
ftarch  with  re¬ 
agents. 


Not  foluble  in 
alcohol,  ether, 
or  water. 


ON  PEPPER. 


75 


a  brittle  fubffance  is  obtained,  differing  in  appearance  From 
common  ffarch,  but  exhibiting  nearly  the  fame  properties  with 
re-agents.  The  apparent  difference  is  probably  owing  to  a 
portion  of  water  remaining  united  to  the  ffarch. 

3.  When  ffarch  is  triturated  with  the  hot  infufion  of  nut - Completely 

galls,  a  complete  folution  is  effected.  The  folution  is  tranl-  f ^of1  galls 
parent  and  rather  lighter  coloured  than  the  infufion  ot  galls,  and  precip.  by 
When  cold  it  becomes  opaque,  and  a  copious  curdy  precipi- cold' 

late  tails. 

The  infufion  of  nut-galls,  which  I  am  accuffomed  to  em- The  infufion  of 
ploy  in  all  my  experiments,  except  when  the  contrary  is  ex-  prtpared 

prefsly  mentioned,  is  made  by  boiling  together  one  part  of 
galls  in  coarfe  powder  and  two  parts  of  water  in  a  glafs  retort. 

When  cold,  the  liquid  part  is  decanted  into  a  glafs  phial.  It 
is  at  firft  muddy,  and  opake  ;  but  on  ffanding,  a  fediment  falls, 
and  a  tranfparent  liquid  remains  of  a  deep  brown  colour, 
which  conffitutes  my  infufion.  An  ounce  meafure  of  this  in¬ 
fufion,  when  evaporated  to  drynefs  in  a  glafs  veflel  placed  on 
a  tin-plate  box,  heated  by  ffeam,  leaves  a  brown  refidue? 
which  weighs  68  grains.  This  refidue  confifts  chiefly  of  tan; 
for  thegreateft  part  of  the  extractive  gradually  feparates  from 
the  infufion  in  the  ffate  of  a  brown,  tough,  imperfectly  folu- 
ble  membrane.  Neither  extractive  nor  pure  gallic  acid  has  any 
effect  upon  the  decoction  of  ffarch.  Hence  the  precipitate  is 
obvioufly  produced  by  the  foie  action  of  tan  upon  the  ffarch. 

4.  Twenty-four  grains  of  ffarch  were  triturated  with  half  an  Experiment  of 

ounce  meafure  of  the  infufion  of  galls,  and  mixed  with  about  “nion 

1  ftarcji  and  tan. 

five  ounces  of  hot  water.  A  complete  folution  took  place; 
but  on  cooling,  the  liquid  became  opaque,  and  a  precipitate 
fell,  which  dried  by  a  ffeam  heat,  weighed  35  grains.  The 
refidual  liquor  had  a  light  yellow  colour  and  an  aftringent  taffe. 

When  evaporated  to  drynefs,  it  left  a  refiduum  that  weighed 
17  grains.  This  refiduum  contained  ffarch,  for  it  was  not 
completely  foluble  in  alcohol.  In  this  experiment  fome  lofs 
muff  have  been  fuffained  during  the  trituration.  For  the  folid 
matter  obtained  weighed  only  52  grains;  or  fix  grains  lefs  than 
the  24  grains  of  ffarch  and  the  3  I  grains  of  folid  matter  in  the 
infufion  of  galls.  The  following  is  more  to  be  depended  on: 

After  various  trials,  I  found  that  ffarch  and  tan  are  capable  of 
uniting  in  different  proportions.  But  the  precipitate  is  ieaff 
foluble  when  |  oz.  meafure  of  infufion  of  galls  is  ufed  for 
every  24  grains  of  ffarch, — I  took  24  grains  of  ffarch,  boiled 

them 
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them  in  a  fiafk  with  five  ounces  of  water,  and  then  added  \  oz. 
meafure  of  the  infufion  of  galls.  On  cooling,  a  copious  pre¬ 
cipitate  fell,  and  the  liquid  remained  only  faintly  coloured. 
The  precipiLate  dried  in  a  fleam  heat  weighed  31  grains,  and 
the  refidual  liquid  left  1  1  grains  of  refidue.  The  whole 
amounted  to  42  grains;  which  is  very  nearly  equal  to  the  24 
grains  of  darch  and  17  of  tan  employed  ;  the  compound  in  this 
cafe  con litfs  of 

58.5  darch,  or  nearly  3  darch 

41.5  tan  -  -  -  -  2  tan 


Infufion  of  {larch 
treated  with 
earths.— 


100.0  5 

The  compound  of  darch  and  tan  is  of  a  light  brownifh  yel¬ 
low  colour,  femi-tranfparent  and  brittle,  and  has  a  good  deal 
of  refemblance  to  common  farcocoll.  Its  tade  is  adringent  ; 
it  feels  glutinous  between  the  teeth,  like  gum.  It  is  very  im¬ 
perfectly  foluble  in  cold  water,  but  hot  water  dilfolves  it  abun¬ 
dantly.  Alcohol  digeded  on  it  acquires  a  brown  colour;  but 
is  incapable  ol  feparating  the  whole  of  the  tan  from  the  darch. 
When  heated,  it  froths,  fw ells  and  melts,  and  then  burns  with 
a  clear  dame,  leaving  like  darch  a  fmall  portion  of  white  allies 
behind  it. 

5.  To  afcertain  the  effeCf  of  the  earths  and  metallic  oxides 
on  darch,  an  infufion  of  it  was  formed  bv  triturating  24  grains 
of  darch  with  4|  ounces  of  water,  and  then  boiling  the  mix¬ 
ture  for  fome  time.  The  decoCtion  thus  formed,  is  nearly 
tranfparent,  and  of  a  flight  opal  colour.  When  fet  afide,  at 
lead  a  month  elapfes  before  the  darch  begins  to  fubfide. 

When  lime  water  is  mixed  with  this  decoction,  no  change 
is  produced;  neither  is  any  perceptible  alteration  occafioned 
by  Arontian  water;  but  barytes  water  throw's  down  a  copious 
white  flaky  precipitate.  This  precipitate  is  re-diflolved  by 
muriatic  acid,  but  appears  again  on  Handing  unlefs  a  confider- 
able  excefs  of  acid  has  been  added.  Yet  muriate  of  barytes 
occafions  no  change  in  the  decodlion  of  flarch. 

— with  metallic  No  metallic  fait  teems  to  have  the  efledt  of  throwing  down 

falts .  no  cfteft.  parcj1  from  jts  decoction.  The  following  were  tried; 

Nitro-muriate  of  gold,  platinum; 

N  itrate  ol  diver,  mercury,  lead ; 

Muriate  of  tin,  acetite  of  lead; 

Salts  of  copper,  iron,  zinc; 

Ammonialed  nickel  and  cobalt. 


6.  When 
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6.  When  potafs  is  triturated  with  flarch,  and  a  (mail  quan¬ 
tity  of  water  added,  the  whole  aii'umes  on  (landing  the  ap¬ 
pearance  of  a  femi-tranfparent  jelly.  On  adding  water,  an 
opal  coloured  folution  is  obtained,  tmm  which  the  (larch  is  rea¬ 
dily  thrown  down  by  an  acid.  When  muriatic  acid  is  em¬ 
ployed,  a  peculiar  aromatic  odour  is  exhaled. 

When  the  infufion  of  galls  is  dropt  into  the  folution  of  (larch 
in  potafs,  a  yellowilh  white  precipitate  appears,  but  is  imme¬ 
diately  re-dilfolved,  and  the  liquid  remains  opake  and  of  a 
dark  brown  colour.  On  adding  muriatic  acid,  a  copious  pre¬ 
cipitate  falls,  refembling  the  compound  of  (larch  and  tan. — 

Nitric  acid  occafions  no  precipitate,  neither  does  ammonia. 

The  decodlion  of  (larch  is  neither  altered  by  potafh,  carbo¬ 
nate  of  potafh,  nor  ammonia. 

7.  Sulphuric  acid  cliffolves  (larch,  and  abundance  of  char-  Treatment  of 

coal  is  precipitated.  Dduted  fulphuric  acid,  when  affifted  by  W1g^ 
heat,  diffolves  it  without  decompofition.  Sulphureous  acid  tion.  Separation 

has  no  effect  upon  it.  by  acids.  The 

•ii  inrulion  of  starch 

Diluted  nitric  acid  fird  reduces  (larch  to  powder,  and  then  not  affe&ed  by 

diflfolves  it,  with  the  exception  of  fome  waxy  matter,  which al^al*es“ 
r  .  ,  r  r  ta  iri*  r  •.  Starch  diffolved 

lwims  on  the  lurface.  During  the  lolution,  lome  nitrous  gas  by  the  ancient 

is  exhaled.  mineral  acids. 

Strong  muriatic  acid  diffolves  (larch  (lowly,  and  without  ef_^^enornena* 
fervefcence.  When  the  (larch  does  not  exceed  of  the 
acid,  the  folution  is  coiourlefs  and  tranfparent,  but  if  we  con¬ 
tinue  to  add  (larch,  a  brown  colour  foon  appears,  and  the  acid 
lofes  a  portion  of  its  liquidity.  Its  peculiar  fmell  is  dedroyed, 
and  replaced  by  the  odour  which  didinguiflies  corn  mills. 

Acetic  acid  does  not  ditTolve  (larch. 

8.  Alcohol  feparates  darch  in  part  from  its  deco£tion.  Potafn  Experiment? 
diffolved  in  alcohol  occafions  a  copious  white  precipitate, 

which  is  re-diffolved  on  adding  a  fufficient  quantity  of  water. 

Alcohol  digeded  on  fulphuret  of  potafs,  occafions  a  (laky 
precipitate  in  the  decoction  of  darch:  this  precipitate  has 
fometimes  an  orange  colour. 

Such  are  the  properties  of  common  darch:  the  darch  of  Starch  of  pepper 

pepper  poffeffes  them,  excepting  only  that  the  colour  of  its^as  ^ PrecedinS 
.  .  .  ...  ....  .  -  ,  .  .  properties.  It 

precipitates  is  peculiarly  modified  by  the  other  ingredients  of;s  united  to  an 

pepper,  from  which  it  is  not  podible  to  free  the  darch  com- 0l1  in  die  PePPer- 

pletely. 

A  very  confiderable  portion  of  the  pepper-corn  feems  to 
confid  of  darch,  chiefly  united  to  the  oil  of  pepper.  When  a 

pepper¬ 


corn. 
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pepper-corn  is  cut  in  two,  we  find  it  compofed  of  two  coats* 
The  oulermoft  brown  flirivelled  coat  is  eafily  feparated  by 
fteeping  the  pepper  in  water.  The  fecond  coat  is  much 
thinner  and  lighter  coloured  ;  it  does  not  feparate  by  macer-^ 
ation.  Beneath  this  coat  is  a  thick  zone  of  pale  green  mat¬ 
ter,  apparently  fiarch  united  to  oil.  This  is  fucceeded  by  a 
thin  yellow  zone,  feemingly  of  nearly  the  fame  compofition. 
Within  this  is  a  (mail  fpherical  fpace,  fometimes  hollow,  but 
moft  commonly  filled  with  a  foft  white  fubfiance  like  the  pith 
of  trees.  All  the  zones  have  the  peppery  tafie.  The  outer 
coat  has  the  flavour,  but  little  of  the  heat  of  pepper. 


III. 


Letter  from  the  Abbe  Bute  on  Mr.  Rome'  de  Lisle's  and 
the  Abbe  Hauy’s  Theories  of  Cryji allograph]/. 


(Concluded  from  p.  39.) 


S’ 


Secondary. 


YNTHESIS  is  grounded,  as  I  mentioned,  on  the  fadt,  that 
all  well  formed  cryftals  are  terminated  by  plain  furfaces. 
Primitive  forms:  Since  there  exift  primitive  forms,  there  mu  ft  alfo  be  fecond- 
ary  forms,  for  the  one  fiippoiea  the  exiftence  of  the  other. 
The  fecondary  forms  are  fuch,  that  fedtions  can  be  made  only 
parallel  to  the  fides  of  the  primitive;  and  when  the  primitive 
has  been  produced  by  thefe  feel  ions,  the  divifion  being  conti¬ 
nued  the  integrant  particles  are  obtained. 

The  mineralogical  analytis  defeends  from  the  fecondary  to 
the  primitive  form,  and  from  the  latter  to  the  integrant  par¬ 
ticle  ;  juft  fo  the  mineralogical  fynthefis  afeends  from  the  inte¬ 
grant  particle  to  the  primitive,  and  from  thence  to  the  fecond¬ 
ary  forms.  A  cry  ftalline  edifice  is  therefore  railed  by  means  of 
the  integrant  particles.  What  are  the  laws  of  this  extraordi¬ 
nary  architecture  ?  Bylaws  I  mean  the  difpofition  of  the  la¬ 
minae,  not  the  means  employed  by  nature  to  execute  the 
curious  ftrudture. 

Laws  muft  exift,  1  ft,  for  the  formation  of  the  primitive, 
and  2dly,  for  the  conftrudtion  of  the  fecondary  form.  The 
primitives  are  either  fimilar  to  their  integrant  particles,  or 
they  are  not.  It  they  are  not,  their  forms  muft  be  parallelopi- 

pedons. 
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pedons,  and  their  laws  of  formation  very  timple;  for  there  Laws  of  the 
will  be  the  fame  number  of  integrant  particles  in  each  row,  as  crytfab^nd 
there  are  rows  in  each  lamina,  as  there  are  laminae  in  the  pri-  theory  thence 
mitive  form.  It  is  eafy  to  conceive  that  all  the  joints  perfectly  rcfultinS* 
coincide  with  each  other,  and  form  continued  planes;  neither 
will  there  be  any  vacuity  left  between  the  particles.  It  the 
primitive  be  not  timilar  to  the  integrant  particle,  then  the  fim- 
plicity  ot  the  former  cafe  difappears.  I  have  already  Hated 
that  there  are  three  forms  of  integrant  particles ;  the  tetra¬ 
edron,  the  triangular  prifm,  and  the  parallelopipedon.  There 
are  alto  fix  primitive  forms ;  the  parallelopipedon,  the  oCtae- 
dron,  the  tetraedron,  the  regular  hexaedral  prifm,  the  dode- 
caedron  bounded  by  rhombs  all  equal  and  fimilar,  and  the 
dodeeaedron  with  triangular  tides  and  formed  by  two  right 
pyramids  united  bate  to  bafe.  Of  thefe  fix  primitive  forms 
there  are  only  the  parallelopipedon  and  the  regular  hexaedral 
prifm  that  can  exaCtly  fill  up  a  (pace  without  leaving  any  va¬ 
cuity.  The  integrant  particles  of  the  former  are  parallelopi- 
pedons ;  of  the  latter,  triangular  prifms.  As  to  the  other  four 
primitive  forms,  their  integrant  particles  are  tetraedrons.  The 
dodeeaedron  bounded  by  rhombs  is  produced  by  twenty-four 
fimilar  tetraedrons  without  any  vacuity  between  them  ;  the 
oCtaedron  and  tetraedron  are  formed  by  tetraedrons  leaving 
oCtaedral  vacuities;  and  the  dodeeaedron  bounded  by  tri¬ 
angles,  to  be  formed  of  tetraedrons,  muft  imply  feCtions  pa¬ 
rallel  to  more  than  fix  planes;  w'hich  perfectly  coincides  with 
obfervation. 

Thefe  vacuities,  whofe  exifience  mutl  be  admitted  in  the 

integrant  particles,  as  well  as  between  thofe  particles  when 

« 

forming  a  primitive,  give  rife  to  the  following  reflections  : 

When  the  elements  of  a  fubfiance  are  chemically  combined, 
that  tubttance  is  homogeneous.  Let  us  fuppofe  a  cryfial  of 
fuch  a  fubfiance  to  be  fubdivided  into  fmall  parallelopipedons 
equal  and  fimilar;  as  the  fubfiance  is  homogeneous,  and  thefe 
little  parallelopipedons  having  no  vacuities  between  them,  it 
is  evident  the  elements  that  compofe  them  are  equal  in  number 
and  proportion.  We  wdl  next  fuppofe  the  cryftals  of  this  fub¬ 
fiance  can  be  divided  by  feCtions  parallel  to  fix  planes.  In 
that  fuppofition,  nineteen  or  twenty  different  fpecies  of  pa- 
rallelopipedons  can  be  produced.  Among  thefe  fpecies  fome 
will  be  fimilar,  others  not;  but  none  of  the  fpecies  will  be  ex¬ 
actly 
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a£lly  parallel  to  each  other.  We  will  proceed  on  two  fimilar 
cryftals  of  the  fame  fubdance  and  equal  in  folidity,  dividing 
the  fi i  ll  into  one  fpecies,  the  other  into  a  different  fpecies,  of 
parallelopipedons,  equal  in  folidity  but  not  in  furface  ;  and  let 
the  divifion  of  each  be  puttied  to  its  lad  term.  But  as  we  are 
come  by  fmooth  fections  to  parallelopipedons  of  different  fpe¬ 
cies,  thofe  fe&ions  have  alfo  produced  their  differences  :  but 
by  fuppofition  thefe  parallelopipedons  are  the  refult  of  the  lad 
poflible  term  of  divifion  without  dedroying  the  chemical  com- 
pofition,  and  being  equal  in  folidity,  though  not  in  furface, 
they  cannot  contain  each  other  ;  therefore  if  their  differences 
are  not  integrant  parts  of  both,  thefe  differences  mud  ceafe  to 
be  homogeneous,  and  we  come  to  a  fort  of  chemical  decom- 
pofition.  Il  is  true  we  cannot  execute  this  exceffive  divifion, 
but  we  can  form  a  very  corre<5t  idea  of  it.  If  the  little  paral¬ 
lelopipedons  contain  two  forts  of  elements,  their  differences 
will  alfo,  but  alfo  in  different  proportions;  and,  fir,  if  you 
will  turn  to  Berthollet’s  Befearches  on  the  Laws  of  Affinities, 
you  will  fee  him  in  all  his  experiments  proving,  that  however 
perfe&ly  a  chemical  decompofition  may  have  been  made,  the 
refults  will  always  contain  a  certain  portion  of  thofe  fubftances 
from  which  it  was  the  object  of  the  operation  to  feparate  them. 
If  thefe  reflections,  Sir,  are  well  grounded,  do  they  not  give 
us  hopes,  and  perhaps  fhow  the  poffibility,  of  defcending  from 
the  integrant  particles  to  the  conftituent  particles?  This  fe- 
cond  refearch  is  of  the  fame  nature  as  the  fird.  It  is  more 
than  probable  that  the  condituent  particles  themfelves  are  di- 
vifible,  having  no  determined  figure,  but  are  aggregations, 
fubje6t  to  the  fame  laws  as  the  integrant  particles.  The  object 
of  the  natural  phiiofopher  is  not  to  difcover  the  forms  of  the 
ultimate  particles,  but  to  determine  their  refpe&ive  pofitions; 
which,  if  ever  they  could  be  determined  in  the  integrant  par¬ 
ticles  and  their  component  parts,  the  grand  problem  of  chemi¬ 
cal  affinities  would  be  fully  folved  ;  and  ffiould  fuch  ever  be 
the  cafe,  to  the  Abbe  Haiiy’s  theory  would  be  due  the  merit. 
The  Encyclopedia  Britannica ,  under  the  article  Chemijhy ,  in 
the  Supplement,  p.  396,  fays : 

“  This  theory,  to  fay  no  more  of  it,  is,  in  point  of  inge¬ 
nuity,  inferior  to  few ;  and  the  mathematical  (kill  and  induftry 
ol  its  author  are  entitled  to  the  greated  applaufe. 
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11  But  what  we  consider  as  the  moft  important  part  of  that  Laws  of  the 
philosopher's  labours,  is  the  method  which  they  point  out 
ditcovering  the  figure  of  the  integrant  particles  of  cryffals  ;theory  thence 
becaufe  it  may  pave  the  way  for  calculating  the  affinities  0pclu‘h  £* 
bodies,  which  is  certainly  by  far  the  mod  important  part  of 
chemiffry.  This  part  of  the  fubjedt,  therefore,  deferves  to 
be  inveftigated  with  the  greateff  care.” 

But  I  return  to  the  point  whence  this  digreffion  carried  me, 
to  the  vacuities  left  between  the  integrant  particles  in  the  con* 
ffrudlion  of  a  primitive  form.  The  Abbd  conliders  them  as 
filled  either  by  the  water  of  cryffallization  or  by  fome  other 
iubfiance.  It  is  not  an  admiflible  fuppofition  that  this  other 
iubftance  is  jeompofed  of  the  fame  elements  as  the  integrant 
particles,  but  in  different  proportions?  At  lead,  fuch  is  the 
conclufion  I  (hould  be  tempted  to  draw  after  reading  Berthol- 
let’s  excellent  Refearches  on  Affinities. 

I  fliall  now  proceed  to  the  laws  of  formation  in  fecondary 
cryffals.  It  is  eafy  to  deduce  them  from  thefe  two  fadis :  viz. 
iff.  That  the  ffdes  of  the  fecondary  cryffals  are  planes  ;  2dly, 

That  they  divide  by  fmooth  fe6tions  parallel  to  the  Tides  of 
their  primitive  form. 

Let  us  take  a  rhomboid  of  carbonate  of  lime  for  example. 

If  on  one  of  the  ffdes  of  the  rhomboid  I  wiffied  to  raife  a 
pyramid,  I  ffiould  lay  laminae  of  rhomboidal  particles  upon 
each  other.  Thefe  lamina?  would  decreafe  in  furface  until 
the  laff  is  reduced  to  a  tingle  rhomboid.  Thus  the  fecond 
lamina  contains  fewer  particles  than  the  firff,  the  third  fewer 
than  the  fecond,  and  fo  on.  As  the  faces  of  thefe  pyramids 
are  always  to  be  planes,  the  fucceffive  decrements  of  the  la¬ 
mina?  muff  be  equal ;  that  is  to  fay,  the  fecond  lamina  is  lefs 
by  one  range  in  every  diredtion  than  the  firff,  and  the  third 
than  the  fecond,  &c.  If  the  decrement  is  more  rapid ;  that 
is  to  fay,  if  two  or  three  ranges  are  fubtradted  in  the  fecond 
lamina,  the  fame  number  will  be  fubtradted  from  the  third, 
and  fo  on  fucceffively  till  the  pyramid  is  completed.  As  the 
fediions  are  to  be  fmooth,  the  joints  muff  form  one  continued 
plane ;  therefore  the  ranges  and  even  the  particles  at  the 
joints  muff  not  encroach  on  each  other  :  hence  it  follows  that 
the  number  of  ranges  fucceffively  fubtracled  from  each  lamina  can 
never  be  incommcnf arable ;  that  is  to  fay,  the  decrement  may 
be  1,2,  3,  4,  &c.r  but  never  v/3,  &c. 
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Thefe  are  the  decrements  parallel  to  the  edges,  or,  as  the 
Abbd  calls  them,  decrements  on  the  edges.  But  they  may 
take  place  in  a  parallel  with  the  diagonal  of  the  faces  of  the 
primitive  ;  they  are  then  called  decrements  on  the  angles,  be- 
caufe  the  diagonals  are  drawn  from  one  angle  to  the  oppolite 
angle.  This  fecond  fpecies  of  decrement  follows  the  lame 
laws  as  the  firfh 

There  is  a  third  fpecies,  called  by  our  author  intermediate 
decrements.  In  this  cafe  they  are  neither  parallel  to  the  edges 
nor  to  the  diagonals  of  the  faces,  but  to  intermediate  lines, 
which  if  prolonged  would  interfedt  both  the  edges  and  dia¬ 
gonals,  but  otherwife  they  follow  the  fame  laws  as  the  two 
firft.  It  is  a  general  law,  therefore,  that  in  all  cafes  the  laminae 
decreafe  in  arithmetical  progrejfion,  and  its  ratio  or  the  number 
of  ranges  fubtrafted  is  always  coinmen fumble. 

The  particles  of  which  the  lamina?  are  compofed  arc  to  be 
confidered  as  parallelopipedons  ;  not  that  the  integrant  par¬ 
ticles  always  have  this  figure;  but  if  they  have  it  not,  they 
mufl  leave  vacuities  between  them,  and  each  vacuity  being 
added  to  its  correfponding  particle,  will  complete  the  paral- 
lelopipedon.  If  this  was  not  the  cafe,  the  faces  of  the  feconti- 
ary  cry  Hals  would  not  be  planes,  nor  could  they  be  f  pi  it 
fmoothly  in  anv  direction.  Thefe  little  parallelopipedons 
which  compofe  the  fubtradted  ranges  are  what  I  called  above, 
after  our  author,  fubtradive particles. 

I  fuppofed  the  conftrudtion  of  the  fecondarv  form  only  to 
take  place  on  one  of  the  faces  of  the  rhomboid  ;  but  what  was 
faid  relative  to  that  face  is  applicable  to  all  the  others.  It  is 
alfo  to  be  remarked  that  different  laws  of  decrement  may  affedt 
the  different  faces;  even  further,  different  laws  may  fuccef- 
fively  affedt  the  fame  face.  Hence  a  diverfity  of  forms  arife 
fcarcely  credible  to  a  perfon  unacquainted  with  the  dodtrine  of 
combinations.  The  Abbd  Haliy  has  calculated,  “  that  con¬ 
fining  one’. c-felf  to  decrements  by  1,  2,  3,  or  4  ranges,  and 
not  taking  intermediate  or  mixt  decrements  info  account,  the 
rhomboid  is  capable  of  8,324,604  varieties  of  cryftalline  forms. 

It  is  an  important  remark,  that  whatever  mav  be  the  variety 
of  form,  the  forms  {in  complete  cryftals)  will  always  be  fym- 
metrical.  I  here  are  two  forts  of  fymmetry,  the  perfedt  and 
imperfedt.  In  the  perfect,  the  right  is  fymmetrical  with  the 
left,  and  the  top  with  the  bottom  ;  but  in  the  imperfect,  the 
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top  is  not  fymmetrical  with  the  bottom.  This  latter  fpecies  of  Laws  of  the 
fymmetry  appears,  by  general  obfervation,  to  be  exc!  uli vely  crryUfta]!!''  a°  d 
appropriated  to  cryftals  that  become  electrical  by  heat ;  that  theory  tlience 
is  to  lay,  which  being  expofed  to  the  heat  of  the  fire,  or rclultl,j2* 
plunged  into  hot  water,  acquire  the  eleftric  power.  Thefe 
cryftals,  the  tourmaline,  tor  example,  acquire  a  pofitive  elec¬ 
tricity  on  one  fide,  while  on  the  fide  diametrically  oppofite 
their  eleCtricity  becomes  negative;  and  all  obfervations  hi¬ 
therto  made  give  us  reafon  to  conclude  that  thefe  fides  are 
never  fymmetrical,  and  are  always  produced  by  different  or 
fewer  laws  of  decrement.  “  Hence,”  fays  the  Abbe,  “  by 
mere  inlpefiion  it  is  eafy  to  point  out  which  is  the  fide  that 
will  give  the  pofitive  and  which  the  negative  electricity.” 

(Vol.  i.  p.  237.) 

The  aftonifliing  variety  in  the  cryftalline  forms  leads  us 
naturally  to  atk,  What  can  be  the  caufe  of  this  variety  ?  This 
quefiion  has  not  been  treated  by  the  Abbe  ;  allow  me.  Sir, 
to  fubmit  a  few  ideas  on  the  fubject  for  the  opinion  eft  mathe¬ 
maticians. 

bird  caufes,  I  repeat,  are  not  the  object  of  this  difcuflion. 

I  fiate  the  quefiion  thus  :  Why  does  the  lame  fubjeft  cryfial- 
lize  in  fuch  a  variety  of  forms,  always  fymmetrical  and  always 
terminated  by  planes? 

The  folution  of  this  quefiion  feems*  to  require  three  condi¬ 
tions;  1  fi,  That  the  particles  of  the  fubfiance  difiolved  in  the 
fluid  all  leave  the  fiate  of  reft  at  the  fame  inftant,  to  form  the 
cryftal  by  their  aggregation  ;  2dly,  That,  while  thefe  particles 
are  in  the  aft  of  drawing  near  to  each  other,  no  foreign  power 
fhall  imprint  on  them  any  other  motion  than  a  common  motion, 
whether  it  be  in  a  ftraight  line,  or  rotary  round  their  common 
centre  of  gravity  ;  3dly,  That  the  particles  all  arrive  at  the 
fiate  of  reft  at  the  fame  inftant,  which  takes  place  when  the 
aft  of  cryftallization  is  finifhed.  The  fecond  condition  is  ne- 
ceflary,  and  infers  the  firft  and  third.  The  natural  confe- 
quence  of  thefe  conditions  will  be,  that  the  aggregation  of  the 
particles  will  only  take  place  conformably  to  a  law  acting 
equally  on  all  of  them,  whatever  may  be  the  law. 

Since  they  all  leave  the  fiate  of  reft  at  the  fame  inftant,  they 
are  in  equilibrio  previous  to  that  inftant.  Since  they  all  arrive 
at  the  fiate  of  reft  at  the  fame  inftant,  they  are  in  equilibrio 
after  that  inftant :  but  when  particles  that  are  afted  upon  by 

G  2  no 


84- 


THEORIES  OY  CRYSTALLOGRAPHY. 


Laws  of  the 
ftrudture  of 
Cryftals,  and 
theory  thence 
tefulting. 


no  oilier  force  than  that  which  they  exercife  on  each  oilier, 
are  in  equilibrio,  they  are  in  the  clofeft  poflible  union  that 
concomitant  circumftances  will  permit.  It  the  particles  were 
in  equilibrio  previous  to  their  leaving  the  flate  of  reft,  fome- 
thing  muft  have  obftrudted  their  approach.  Let  us  luppofe 
that  fotnething  to  be  the  interpofttion  of  another  fubftance,  and 
that  fo  long  as  the  inlerpotition  remains  equilibrium  is  main¬ 
tained.  But  this  can  only  be  the  cafe,  in  as  much  as  the  whole 
of  the  particles  of  the  interpofed  fubftance  are  in  equilibrio 
with  the  whole  of  the  particles  dilfolved  and  about  to  leave  the 
ftate  of  reft,  which  in  the  future  I  Aia.ll  call  the  proper  particles. 
If  by  any  caufe  which  a£ts  uniformly  on  the  whole  furface  of 
the  dilTolving  fluid  any  of  the  interpofed  particles  are  fub- 
tra&ed,  the  proper  particles  muftceafeto  be  in  equilibrio,  A 
ftep  toward  aggregation  will  immediately  take  place,  and  the 
equilibrium  will  be  reftored.  A  further  fubtradion  will  pro¬ 
duce  a  further  ftep  toward  aggregation,  and  a  confequent 
equilibrium;  and  thefe  operations  will  be  repeated  fo  long  as 
the  caufe  of  fubtradion  continues,  and  the  longer  its  duration 
the  larger  will  be  the  refulting  cryftalline  mafs.  If  the  above 
mode  of  reafoning  be  admitted,  it  will  fuflice  to  apply  the 
laws  of  equilibrium  to  deduce  the  laws  of  cryftalline  forms. 
The  laws  of  equilibrium  to  which  I  allude,  are  thofe  of  the 
equilibrium  ot  fluids,  with  certain  modifications  which  fhall 
hereafter  be  explained.  According  to  thefe  laws,  that  the 
preceding  conditions  may  take  place  in  the  formation  of  a 
cryftal,  it  will  be  neceflary  that  they  take  place  in  the  forma¬ 
tion  of  each  and  every  part  of  it,  w  hatever  may  be  the  figure 
or  the  fmallnefs  ot  thofe  parts.  They  muft  alfo  take  place  in 
thofe  Iaft  cryftals  w'hich  contain  the  leaft  poflible  number  of 
particles;  and  as  thefe  particles  are  in  equilibrio,  and  in  the 
greateft  poflible  ftate  of  proximity  to  each  other  which  cir- 
cumftances  will  permit,  it  muft  follow,  to  fulfil  all  the  condi¬ 
tions,  that  thefe  particles  form  a  fymmetrical  poljedron.  This 
peculiar  difpofttion  of  the  cryftalline  particles  conftitules  the 
modification,  to  which  I  alluded,  in  the  laws  of  the  equili¬ 
brium  of  fluids ;  it  being  neceflary  in  this  cafe  to  take  the  num¬ 
ber  of  cryftalline  particles  into  account,  which  is  not  the  cafe 
when  treating  of  the  particles  of  a  fluid.  In  a  fluid,  the  par¬ 
ticles  and  their  reciprocal  diftances  are  fuppofed  infinitely 
fmall ;  but  the  cryftalline  particles  and  their  diftances  to  each 

other 


THEORIES’1  OP  CRYSTALLOGRAPHY.  8d 

other  nuift  be  fuppofed  finite.  This  material  difference  will  Laws  of  the 
necetfarily  eaufe  a  difference  between  the  forms  of  their  aggre-  and 

gates.  Thofe  formed  with  the  particles  of  a  fluid  will  be  theory  thence 
bounded  by  curved  lines;  the  cryftalline  aggregates,  on  the re^u^n£* 
contrary,  will  be  terminated  by  flraight  lines;  and  when  thefe 
ftraight  lines  are  not  too  fmall,  the  boundaries  will  be  fenfibly 
rectilinear. 

To  afcertain  what  the  power  is  that  holds  the  particles  in 
the  ftate  of  reft,  though  not  in  clofe  contad,  is  not  the  quef- 
tion  ;  but  the  form  of  the  polyedrons  which  they  produce. 

The  clofer  adheflon  of  the  particles  to  be  obtained  by  the  fub- 
tradion  of  caloric,  fufficiently  demonftrates  that  the  particles 
are  not  in  clofe  contad  wdth  each  other,  and  the  conftancy  of 
the  cryftalline  forms  equally  proves  that  they  are  in  equilibrio. 

We  will  now  proceed  to  the  conftrudion  of  a  cryftal  with 
thefe  cryftalline  particles.  That  the  conftancy  of  the  form  in 
the  large  cryftal  be  preferved,  the  particles  muft  be  in  equi¬ 
librio.  That  the  equilibrium  be  preferved,  the  forces  that  fo- 
licit  the  particles  to  motion  muft  mutually  deftroy  each  other. 

That  the  mutual  deftrudion  of  thofe  forces  be  effeded,  thefe 
forces  after  having  been  decompofed  into  other  relatively  pa¬ 
rallel  to  three  axes  perpendicular  to  each  other,  and  having  a 
common  point  of  interfedion,  muft  each  meet  in  its  diredion 
another  force  equal  and  diametrically  oppofed  to  it.  This  will 
be  obtained  if  the  ftmilar  particles  are  arranged  on  ftraight 
lines  parallel  two  and  tWo  at  equal  oppofite  diftances  from  the 
common  centre,  and  bifeded  by  lines  pafting  through  that 
centre  ;  but  if  the  particles  are  thus  arranged,  they  muft  pro¬ 
duce  f)  mmetrical  folids  bounded  by  planes ;  and  they  are  thus 
arranged  :  for  if  a  foreign  force,  an  excefs  of  caloric  for  ex¬ 
ample,  does  not  impede  the  free  arrangement  of  the  particles 
in  the  formation  of  the  cryftal,  their  exterior  difpofition  will 
follow  as  much  as  poftible  their  interior  arrangement ;  but  their 
interior  arrangement  muft  be  on  ftraight  lines,  or  the  cryftal 
would  ceafe  to  be  homogeneous ;  their  exterior  difpofition 
w'ill  therefore  be  on  ftraight  lines. 

As  the  circumftances  giving  rife  to  the  approach  of  the  par¬ 
ticles  may  be  in  the  higheft  degree  variable,  it  muft  follow 
that  the  forms  produced  may  be  diverfified  in  the  extreme.  > 

Such,  Sir,  is  the  anfwer  I  fhould  fubmit  for  the  folution  cV 
the  queftion  propofed. 
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When  (peaking  of  the  approach  of  the  proper  particles,  ^ 
faid  that  it  might  be  occafioned  by  the  fubtra6lion  of  certain 
interpofed  particles  which  obftrudted  the  approach  of  the  pro¬ 
per  particles.  The  former  are  generally'  water,  caloric,  or 
any  fluid  elattic  or  not.  Their  exit  may  perhaps  make  place 
for  others,  (uch  as  light,  electricity,  &c.  &c.  Buttheeflen- 
tial  point  is,  that  whatever  thefe  particles  may  be,  they  are 
in  perfect  equilibrio  with  the  proper  particles,  otherwife  they 
would  become  perturbing  forces.  Hence  it  follows,  that  not 
only  the  integrant  particles  of  the  cryflal,  but  all  thofe  that 
are  mixed  with  them,  the  chemical  or  component  particles 
and  even  the  vacuities,  mud  follow  the  fame  laws.  It  alfo 
follows,  that  if  each  fpecies  of  particle  (even  the  chemical) 
that  enters  into  the  formation  of  the  cryflal  be  feparately  con- 
iidered,  each  fpecies  will  have  its  diflinct  (ymmetrical  and 
pol^edral  form.  The  forms  will  penetrate  each  other,  while 
the  particles  will  not  only  not  penetrate,  but  not  even  touch 
each  other.  All  forms  would  fland  in  the  fame  predicament 
as  the  regular  oCtaedron,  which  contains,  as  the  Abbe  Haiiy 
lias  demonflrated,  fix  regular  odtaedrons  and  eight  regular 
tetraedrons,  each  tetraedron  containing  one  oftaedron  and 
four  tetraedrons.  It  will  further  follow,  if  the  chemical  ele¬ 
ments  can  be  looked  upon  as  particles  which  are  not  in  con¬ 
tact  with  each  other,  that  we  may  from  thence  mathematically 
determine  chemical  affinities. 

I  have  now.  Sir,  but  one  talk  left;  to  fpeak  of  the  appli¬ 
cation  our  author  has  made  of  algebra  and  geometry  to  cryf- 
tallography.  Many  perfons  complain  of  the  difficulty  necef- 
farily  refulting  from  it  in  the  fiudy  of  mineralogy  ;  and  dare 
not  engage  in  it,  uncertain  whether  they  will  find  a  compen- 
fation  for  their  trouble.  Our  author  has  therefore  adopted  a 
double  plan,  and  begins  by  cxpofing  his  theory  by  a  feries  of 
reafonings  and  arguments  which  will  luffice  to  make  the  reader 
underftand  it,  or  any  difcoveries  made  in  confequence  of  if. 
He  then  expofes  the  theory  in  the  moll  correct  of  all  languages 
— mathematical  analyfis ;  by  far  the  moft  interefling,  and  the 
only  means  of  making  difcoveries  one’s-felt :  and  who  can  be 
callous  to  the  pleafure  of  difcovering  an  unknown  truth  ?  If 
the  (olution  of  a  problem  gives  fo  much  fatisfaction,  though 
Ijie  data  be  only  imaginary,  what  mufl  be  the  fenfalions  of 
ihafe  who  are  happy  enough  to  lolve  problems  whole  data  are 
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let  by  Him  whom  the  greafed  of  pagan  philofophers  calls  the  ^aws  °f  d*® 
r.  ,  ~  n  _ .  .  ftrudtuie  of 

kternal  iieometncian  ?  Ibis  recalls  reflections  to  my  in  mci  ary  (taiSj  anci 

which  I  cannot  (upprefs.  Converting  one  dav  with  the  Abbd  theory  thence 
Haliy,  he  was  taking  a  curfory  view  ot  all  the  modern  difco-raulun^‘ 
veries ;  when  he  could  not  help  remarking,  that  there  was 
not  one  of  them  but  what  turnifhed  victorious  arms  to  the 
cau(e  ot  religion.  My  anfwer  was,  that  in  future  the  name 
of  God  would  be  as  diftindlly  written  on  a  crydal  as  it  had 
hitherto  been  in  the  heavens.  The  obfervation  of  this  moft 
religious  and  ingenious  man  reminds  me  of  the  fayingoflord 
Bacon  :  “A  little  philofbphy  edranges  us  from  religion,  but 
a  great  deal  reclaims  us  again. ”  Even  d’Alembert  could  not 
help  faying,  “  An  atheid  in  the  Cartetian  fyftem  is  a  philo- 
fopher  midaken  in  the  principles;  but  an  atheid  in  the  New¬ 
tonian  fyftem  is  fomething  worfe,  an  inconfequent  philofo- 
pher.” 

But  to  return  to  the  mathematical  part  of  our  author’s  the¬ 
ory  :  the  branch  of  mathematics,  and  the  manner  in  which  he 
treats  it,  are  almod:  new.  The  theory  of  polyedrons  had  been 
nearly  neglected  bv  geometers,  both  on  account  of  the  diffi¬ 
culty  to  reprefent  a  polyedron  on  a  plane,  and  becaufe  they 
did  not  feel  the  utility  of  the  purfuit.  Neverlbelefs,  ftrange 
to  fay,  all  the  regular  figures  that  are  to  be  found  in  one  of 
the  three  kingdoms  of  nature  are  polyedrons.  In  this  point  of 
view,  the  branch  of  mathematics  illudrated  by  the  Abbd  be¬ 
comes  very  interefting  ;  and  it  is  not  a  little  fo,  to  fee  with 
what  ingenuity  he  extricates  himfelf  from  the  difficulties 
he  meets  with  in  his  refearches.  He  lorms  all  the  polyedrons, 
however  complicated,  of  little  equal  rhomboids  or  parallelo- 
pipedons,  and  by  that  means  he  reduces  the  theories  of  every 
pofdble  polyedron  to  that  of  the  rhomboid,  which  is  extremely 
dmplided  by  two  very  dinple  remarks  :  Id,  That  in  all  equi¬ 
lateral  rhomboids,  whatever  may  be  the  ipeeies,  their  projec¬ 
tion  on  a  plane  perpendicular  to  their  axes  will  always  be  a 
regular  hexagon  :  2dly,  That  the  axes  will  always  be  Infected 
by  perpendiculars  drawn  from  all  the  lateral  folid  angles. 

His  theory  has  alio  led  him  to  difeover  in  a  variety  of  crydals 
geometrical* ‘properties,  which  mud  be  highly  gratifying  to 
geometers. y  But  the  great  advantage  to  be  derived  from  it  is, 
that  it  enables  us  with  the  fewed  pofhble  data  to  calculate 
the  crvdalline  forms  jult  as  adronomers  do  the  motions  of  the 

J  * 

heavens,, 
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Laws  of  the 
ftrudture  of 
cryftals,  and 
theory  thence 
resulting. 


heavens.  By  the  very  means  by  which  the  latter  determine 
the  future  motions  of  the  heavens,  the  Abbd  decides  which 
forms  are  pofliblo  and  which  are  impoflible.  It  is  thus  by  his 
fimplc  and  general  law  of  cryffallization,  “  the  number  of  the 
ranges  of  Ihe'fubtraClive  particles  mufl  always  be  a  coramen- 
1  urable  quantity/*  that  he  has  demonftrated  the  regular  dode- 
cacdron  and  the  regular  icofaedron  to  be  impoflible  forms  in 
mineralogy.  As  the  immortal  Newton,  by  having  difeovered 
the  law  of  attraction  to  be  “  in  the  inverfe  ratio  of  the  fquares 
of  the  diflances,”  explained  and  calculated  every  thing  in  the 
vaft  regions  of  the  firmament ;  fo  at  the  other  extremity  of  the 
creation  the  Abbe  Haiiy,  by  means  of  a  fingle  law  which  he 
has  difeovered,  explains  the  irregularities  and  calculates  thofe 
problematic  formations  with  which  the  mineral  kingdom  had 
hitherto  aflonifhed  the  natural  philofopher. 

Laws,  Sir,  that  refult  from  the  fludy  of  nature,  enjoy  this 
ineftimable  advantage,  that  they  always  lead  to  equations ;  and 
it  is  only  by  the  help  of  equations  (exprefied  or  underflood) 
that  queftions  can  be  folved  which  relate  to  objects  that  can 
be  either  counted  or  rneafured. 

Of  late,  Sir,  the  word  nature  has  been  fo  much  abufed, 
that  I  mufl  beg  leave  to  flate  the  precife  fenfe  in  which  I  vv i fln 
to  be  undr-rftood  whenever  I  made  ufe  of  that  word  in  the 
courfe  of  this  letter.  The  Abbe  Haiiy  found  it  necellary  to 
take  a  fimilar  precaution  at  the  beginning  of  the  excellent 
work  ( Traite  de  Phyfique)  he  has  lately  publiflied.  He  fays: 
“  This  word  Nature,  fo  frequently  in  our  mouths,  can  only 
be  looked  upon  as  an  abridged  expreffion,  either  for  the  refult 
of  thofe  laws  which  the  Great  Creator  has  imprinted  on 
the  univerfe,  or  for  that  aggregate  of  beings  the  works  of  his 
hands.  Nature,  thus  viewed  in  its  true  light,  is  no  longer  a 
fubjeCl  of  cold  and  flerde  fpeculation.  The  fludy  of  its  pro¬ 
ductions,  of  its  phenomena,  ceafes  to  be  a  mere  exercife  of 
the  mind  ;  it  moves  the  heart,  and  (Lengthens  the  moral  vir¬ 
tues  in  man,  by  awakening  in  his  mind  fentiments  of  refpeCt 
and  admiration  at  the  fight  of  fo  many  wonders  bearing  the 
vifible  characters  of  infinite  power  and  wifdom/* 

With  thefe  fentiments  I  remain,  Sir,  your*s, 

A.  Q.  BUEE. 


July  13,  1*01. 


Ohfervations 


Obfcrvations  on  Mr.  Gough’s  Strictures  on  the  DoBrinc  of 
Mixed  Gafes,  fyc.  In  a  Letter  from  Air.  J.  Dalton. 


To  Mr.  NICHOLSON. 

S  I  R, 


f  ROM  the  formidable  manner  in  which  Mr.  Gough  opens  Introdu&ion. 
the  campaign,  I  might  exped  him  to  bring  a  hot!  of  facts 
and  arguments  to  his  afliflance;  the  facts ,  however,  he  pru¬ 
dently  keeps  in  referve,  and  it  is  to  be  feared  feveral  of  the 
arguments  too,  as  thofe  already  drawn  out  are  fcarcely  of 
force  futhcient  to  provoke  reft  fta  nee. 

Mr.  Gough’s  fir  ft  argument  is,  that  the  fubject  in  difpute 
is  more  properly  denominated  hypothecs  than  theory.  This 
is  certainly  not  worth  contending  about. 

Mr.  Gough’s  next  argument  is,  that  the  hypothefis  is  not 
mechanical ;  but  as  this  cannot  be  made  good,  it  fee  ms, 
without  a  geometrical  difquifitiort  of  length  much  exceeding 
an  ordinary  letter,  the  philofophical  world  are  to  wait  till 
the  fame  (hall  appear  in  due  courfe.  I  might  therefore,  for 
the  prefent,  wave  any  remarks  on  this  head,  as  a  long  and 
equally  abftrufe  defence  might  be  expe&ed.  But  as  I  think  Whether  the 
geometry  has  nothing  to  do  in  the  bufinefs,  and  that  all  that  bypothtfis  be 
can  be  faid  effectually,  either  for  or  againft  the  hypothefis, 
being  confident  with  mechanical  principles,  may  be  com¬ 
prized  in  one  fhort  paragraph,  I  fhall  difcufs  the  argument 
here. 

Oxigen  repels  oxigen,  hut  not  azote:  This  is  a  poftula-  Populate.  The 
turn;  and  being  admitted,  it  follow's,  that  if  a  meafure  Gf  Part^  ot  a 
oxigen  be  put  to  one  of  azote,  the  oxigen  finding  it  porous,  but  not  thofe  of 
mult  enter  the  pores,  and  vice  verfa,  till  the  tw  o  gafes  feve-  °ther  gates, 
rally  making  their  way  into  the  inte.rftices  of  the  other,  at 
laft  obtain  a  perfect  equilibrium,  and  then  prefs  with  equal 
force  on  all  the  furrounding  bodies,  and  no  longer  prefs  on 
each  other.  This  is  fo  plain  and  obvious  an  inference,  and 
fo  little  involves  any  mechanical  con fi deration,  that  I  fhould 
have  juftly  incurred  blame  for  infulting  my  readers  with  the 
appearance  of  mathematical  demonftration  in  tl>e  cafe.  As 
well  might  I  have  attempted,  from  the  elements  of  Euclid, 

to 
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to  demonftrate  to  a  cottager,  that  if  he  put  a  fieve  over  his 
chimney  the  fmoke  would  (till  efeapc,  though  interruptedly  ; 
or  to  a  chemift,  that  if  lie  drilled  holes  in  an  exhaufted  re¬ 
ceiver,  it  would  in  time  be  completely  filled  with  air. 

On  the adtion of  Mr.  Gough  next  remarks  upon  my  opinion,  that  the  at- 
aC}l 'waui^5  °ar  m°fphere  of  aqueous  vapour  is  fufticient  to  prevent  the  ocean 
from  efeaping  into  the  air,  which  he  feems  to  think  wonder¬ 
ful  :  Upon  this  I  may  remind  him  of  another  wonderful  la<51, 
which  I  contider  the  fame  in  effect  ;  that  is,  the  prelfure  of 
like  vapour  on  a  cup  of  water  in  an  exhaufted  receiver,  pre¬ 
vents  the  water  from  efeaping  out  of  the  cup.  When  Mr. 
Gough  fhall  explain  how  this  fact  is  to  be  accounted  for,  I 
may  avail  myfelf  of  his  explanation  to  apply  to  the  other. 
He  proceeds,  however,  to  demonftrate  the  impoffibility  of 
an  aqueous  atmofphere ;  but  inftead  of  that,  he  demonftrates 
the  impofibility  of  an  atmofphere  of  any  kind  prejfmg  on  water , 
without  at  the  fame  time  forcing  the  water  up  into  its  pores. 
Luckily,  as  Mr.  Gough  obferves,  the  facts  do  not  counte¬ 
nance  the  conclufion  ;  and  therefore,  however  rigid  the  de-  . 
monftration,  it  thews  that  the  previous  data  are  not  correctly 
affirmed.  The  confideration  of  this  fubject  is,  notwithftand- 
ing,  an  important  one  ;  it  is  more  than  a  year  fince  I  urged 
Mr.  Gough  to  pay  attention  to  it,  and  to  attempt  a  folution 
of  the  ditficulty  which  perplexes  all  theories  of  the  atmo* 
fphere  alike  :  I  did  it  the  rather,  becaufe  I  thought  him  well 
qualified  for  a  lubjed  of  this  nature,  where  the  aid  of  ma¬ 
thematical  fcience  mult  be  of  fubfervience.  The  lubjed 
lias  never  been  at  all  explained  that  I  know  of.  I  have 
made  an  attempt  which  has  not  vet  been  publifhed,  except 
in  a  lecture  laft  winter  ;  but  1  (hall  ftill  be  glad  to  avail  my- 
More  particular  felf  of  any  afiifiance  1  can  obtain.  Suppofing  that  in  the 
ftatement  of  the  jo  weft  ftratum  of  an  atmofphere  incumbent  on  water,  there 
is  one  particle  of  gas  for  one  hundred  of  water,  (which  may 
be  the  cafe,  confidering  their  relative  denlities  as  one  to  a 
thoufand)  ;  query,  How  does  the  air  difiufe  its  prelfure  over 
all  the  hundred  particles  equally,  in  fuch  fort  that  no  co¬ 
lumn  of  particles  of  water  is  forced  up  into  the  interftices  of 
the  atmofphere  by  the  inequality  of  the  prelfure?  If  Mr. 
Gough  will  explain  this,  either  for  his  new  theory  or  for 
any  other,  I  will  engage  to  remove  all  difficulty  on  this 
head  which  attaches  to  my  hypothelis, 

Mr. 
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Mr.  Gough  next  wants  a  rigorous  proof  of  the  propofition,  Impediments  af- 
that  one  gas  affords  an  impediment  to  the  motion  of  another.  *orded  by  one  gas 
but  that  two  (uch  fluids  finally  overcome  their  mutual  ob-  0f  another, 
drudions,  and  occupy  the  fame  fpace  in  a  hate  of  perfed 
independence.  No  one  acquainted  with  the  experimental 
part  of  pneumatic  chcmiftry  would  have  required  proofs  of 
fuch  fads,  becaufe  he  daily  experiences  them.  Take  two 
phials  filled  with  different  gafes  ;  apply  the  mouth  of  one  to 
that  of  the  other  for  a  few  moments;  upon  withdrawing  it, 
the  two  phials  will  be  found  to  have  interchanged  very  little 
of  their  contents.  This  is  a  moft  unqueffionable  proof  that 
gafes  afford  impediment  to  each  other’s  motion  ;  for,  into  a 
perfect  vacuum  the  air  rufhes  indantaneoufly.  Again,  let 
the  phials  remain  in  connexion  for  a  few  minutes,  or  at 
mod,  hours,  and  they  will  be  found  to  have  both  gafes  in 
the  fame  proportion  ;  and  this  date  will  continue  in  perpe¬ 
tuity  afterwards.  That  they  are  ultimately  independent  on 
each  other,  is  diffidently  marked  by  the  circumftance,  that 
any  fubdance  having  an  affinity  for  one  of  them  will  with¬ 
draw  it  from  the  mixture,  if  it  will  take  it  alone. 

Mr.  Gough  proceeds  to  give  a  new  theory  of  mixed  gafes :  Mr.  Gough’s 
At  the  commencement  of  this  controverfy  he  came  Forth  to  new  theory  of 
defend  the  all-lufficiency  of  the  old  dodrine  of  the  chemical  Safes* 
union  of  water  and  air,  and  the  homogenity  of  the  atmo- 
fphere,  and  to  attack  the  new  dodrine,  which  proferibes 
chemical  union  in  thefe  indances,  and  places  for  its’funda- 
mental  and  didinguifhing  maxim,  that  “  mixed  gafes  nei¬ 
ther  attract  nor  repel  one  another  It  was  therefore  with 
no  fmall  furprife  that  I  found,  upon  his  advances,  that  a 
fiew  theory  was  dill  requifite  ;  but  this  furprife  became  ado- 
nifhment,  when  I  found  the  preamble  admitted  theexiftence 
of  certain,  “  gafes  that  neither  attract  nor  repel  each  other. ” 

The  only  clear  information  I  could  obtain  from  this  fudden 
revolution  was,  that  Mr.  Gough  ufes  the  terms  theory  and 
hypothecs  in  a  contrary  fenfe  to  what  philofophers  in  general 
do.  W  hen  I  brought  my  hypothecs  (as  he  calls  it)  forward, 
it  was  fupported  bv  an  extendve  train  of  fads,  the  refult  of 
long  and  careful  invedigation,  none  of  which,  that  I  know 
of,  has  lince  been  controverted  ;  I  mean  what  Mr.  Gough 
alludes  to  as  a  “  number  of  probabilities  of  an  experimental 
nature:”  Whereas  Mr.  Gough’s  theory  is  propofed  without 
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a  tingle  fad  to  corroboraic  it,  merely  to  try  how  far  it  may 
be  found  to  agree  with  fads  already  known.  Leaving  Mr. 
(rough  to  developc  his  theory,  which  I  coiifefs  I  do  not 
comprehend,  and  therefore  cannot  follow  him  in  the  appli¬ 
cation,  I  proceed  to  his  concluding  remarks  on  the  law  of 
affinity,  which  conncds  water  with  the  different  gafes. 

Wjtei  fufpended  Sauffure,  to  whom  Mr.  Gough  refers,  in  the  ninth  chapter 

or  ditiuuui  ajike  jjjj  fecond  etfay  inllruds  us,  that  the  Jblvent  powers  of 

common  air,  carbonic  acid,  and  h\drogen,  are  the  lame  as 
far  as  his  experience  goes.  The  refults  of  Kirwan's  expe¬ 
riments  I  am  unacquainted  with.  Clement  and  Delorme, 
in  the  forty-fecond  volume  of  the  Annnles  de  Chimie  for  1802, 
have  clearly  fhewn,  that  all  gafes  take  up  the  fame  quan¬ 
tities  of  wrater,  alcohol,  and  ether,  in  like  circumflanees  ; 
and  I  think  I  have  fhewn,  that  thefe  quantities  are  precifely 
the  fame  as  a  t'orricelliam  vacuum  of  the  fame  capacity  takes 
up:  So  that  unlefs  Mr.  Gough  can  hold  out  fome  further 
encouragement  to  the  refumption  of  the  enquiry,  it  feems 
hardly  likely  that  any  one  will  undertake  to  invclrigate  the 
diverjities  in  the  law  of  affinity  between  gafes  and  water, 
when  there  does  not  appear  a  lingle  fad  that  points  out  any 
affinity  at  all  in  the  cafe. 

I  am  your’s,  &c. 

J.  DALTON. 


Manchejler,  Sept.  8,  180  k 


V. 

Account  of  the  Striking  Part  of  cm  Eight-Day  Clock.  By  Mr. 
John  Prior,  of  A efsjield,  Yorljhtre.  Communicated  to 
the  Society  of  Arts.  * 

To  CHARLES  TAYLOR. 

SIR, 

New  (hiking  1  HAVE  taken  the  liberty  of  fending  to  you  a  new  ftriking- 
ot  ^v.ock.  yor  an  eight-day  clock,  of  my  own  invention  and  work- 
manfhip,  which  I  finiflied  laR  April ;  *  *  *  *  *  *.  I  beg 

*  Extracted  from  their  Tranfadions,  1803.  A  reward  of  thirty 
guineas  was  given  by  the  Society,  who  have  a  model  of  the  fame. 

leave 
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leave  to  inform  the  Society  of  fome  of  the  advantages  New  {hiking 
ariftng  from  this  new  invention.  *uu  “ c  ucJc* 

Fir  ft,  it  confifts  in  a  wheel  and  fly,  with  fix  turns  of  a 
fpiral  line,  cut  upon  the  wheel,  for  the  purpofe  of  counting 
the  hours.  The  pins  below  this  fpiral  elevate  the  hammer, 
and  thofe  above  are  for  the  ufe  of  the  detent. 

This  tingle  wheel  ferves  the  purpofe  of  count  wheel,  pin 
wheel,  detent  wheel,  and  the  fly  wheel,  and  has  fix  revo- 
lulions  in  ftriking  the  twelve  hours. 

Permit  me  to  fuppofe  a  train  of  wheels  and  pinions,  ufed 
in  other  ftriking  parts,  to  be  made  without  error,  and  that 
the  wheels  and  pinions  would  turn  each  other  without  ftiake 
or  play.  Allowing  the  above  fuppofition  to  be  true,  which 
every  mechanic  knows  it  is  not,  my  ftriking  part  will  be 
found  fix  times  fuperior  to  others,  in  ftriking  the  hours 
l,  2,  .5,  7,  10,  11,  and  twelve  times,  in  ftriking  4,  6,  S, 
and  eighteen  times,  in  ftriking  3,  9,  and  12. 

I  have  deiignedly  made  a  defeat  in  the  model  herewith 
fent,  in  ftriking  2  and  3  o'clock,  to  ftiew  that  wdiat  I  have 
now  advanced  will,  upon  the  trial,  be  found  to  be  true. 

In  ftriking  2,  I  have  purpofely  made  an  imperfediion, 
equal  to  the  fpace  of  three  teeth  of  the  wheel ;  and,  in 
ftriking  3,  an  imperfection  of  nine  or  ten  teeth  ;  and  yet 
both  thefe  hours  are  ftruck  perfectly  correct. 

The  fly s  in  clocks  turn  round,  at  a  mean,  about  ftxty  times 
for  every  knock  of  the  hammer,  but  mine  turns  round  only 
three  times  for  the  fame  purpofe  ;  and  fuppofe  the  pivots 
were  of  equal  diameters,  the  influence  of  oil  on  them  would 
be  as  the  number  of  revolutions  in  each.  * 

It  would  be  better  for  clocks  if  they  gave  no  warning  at 
all,  but  the  fnail-piece  to  raife  a  weight  fomewhat  ftmilar 
to  the  model  now  fent  for  the  infpe&ion  of  your  refpectable 
Society. 

I 

'Reference  to  d/r.  Prior's  Striking  Part  of  his  Clock . 

Plate  VI.  Fig.  1. 


A.  The  large  wheel,  on  the  face  of  which  are  funk  or  cut 
the  fix  turns  of  a  fpiral. 

B.  The  Angle  worm  ferew,  which  acls  on  the  above  wheel, 
and  moves  the  fly  C. 


*  See  Cummings's  Elements. 
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New  ftriking  D.  The  fpiral  work  of  the  wheel  A.  The  black  fpots 
pait  ot  a c:ock.  ftjOW  t}ie  gr00¥es  int©  which  the  detents  drop,  on  flriking 

the  hour* 

E.  The  groove  into  which  the  locking  piece  F  drops, 
when  it  flrikes  one,  and  from  which  place  it  proceeds  to 
the  outward  parts  of  the  fpiral  in  the  progreflive  hours,  be¬ 
ing  thrown  out  by  a  lifting-piece  H,  at  each  hour;  the 
upper  detent  G  being  pumped  off  with  the  locking-piece  F, 
from  the  pins  in  the  wheel  A. 

In  Unking  the  hour  of  twelve,  the  locking-piece,  having 
arrived  at  the  outer  fpiral  at  H,  rifes  up  an  inclined  plane, 
and  drops  by  its  own  weight  to  the  inner  circle,  in  which 
the  hour  one  is  to  be  {truck,  and  proceeds  on  in  a  progreflive 
motion  through  the  different  hours  till  it  comes  again  to 
twelve. 

f.  The  hammer-work  made  in  the  common  way,  which 
is  worked  by  thirteen  pins,  on  the  face  of  the  fpiral. 

'Fig.  2. — K.  The  thirteen  pins  on  the  face  of  th«  fpiral, 
which  work  the  hammer-work. 

L.  The  outer  pins,  which  lock  the  detent. 

M.  The  pump-fpring  to  the  detent. 


VI. 

On  the  Cofi  of  making  Phojphorus.  In  a  Letter  from  J.  P. 

To  Mr.  NICHOLSON. 

SIR, 

Brijlol,  September  16,  1804. 

IlIaVING  lately  been  led  to  confider  the  various  procefles 
by  which  phofphorus  might  be  obtained,  with  a  view  to  deter¬ 
mine  the  moft  eligible,  I  thought  that  a  very  fhort  {ketch  of 
what  had  occurred  to  me  on  the  fubject,  might  be  not  im¬ 
properly  introduced  in  a  {pare  corner  of  your  Journal;  if  you 
fhould  be  of  that  opinion,  the  contents  of  the  following  pages 
are  much  at  your  lervice,  from  a  very  refpeclful  admirer  of 
your  unremitting  exertions  in  the  caufe  of  Science  and  Philo- 
fophy. 


j.  p. 
1,  In 
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1.  In  the  ufual  method  of  procuring  phofphorus  from  bone-  Ertimate  of 

<1  ufl,  and  fuiphuric  acid,  the  value  of  the  ingredients  is  very  f^'n^pliorpho 
Imail,  the  labour  of  the  procefs,  with  the  fuel  employed  for  ms  from  bones, 
the  evaporation  and  diftillntion  form  the  principal  confideration  ^clu,t  3s*  Pcr  ozr* 
in  edimating  the  value  of  the  product. 

One  pound  of  bones  calcined  and  pulverized  with  half  a 
pound  ot  fuiphuric  acid,  will  produce,  according  to  Fourcroy, 
about  three  quarters  of  an  ounce  of  phofphorus ;  if  the  labour 
and  luel  be  edimated  at  two  (hillings,  and  it  cannot  be  pro¬ 
bably  much  lefs,  the  phofphorus  would  then  cod  the  manufac¬ 
turer  about  three  fliillings  an  ounce. 

2.  It  to  the  acid  folution  obtained  by  the  above  method  be  The  additional 
added  1  41b.  of  acetite  of  lead,  value  three  lhillings,  the  phof-  Ph°fph^us  ob- 
phate  ol  lime  will  be  deconipofed,  and  two  ounces  of  phof-  acetite  of  lead, 
phorus  fhould  be  produced  from  the  precipitate,  (vide  Four-  1S  rat-her  cheap- 
croy.)  This  appears  then  to  bean  improvement,  fince  ]  |oz. 

of  phofphorus  is  procured  for  three  (hillings.  But  perhaps  the 
following  procefs  may  be  preferable  to  either. 

3.  To  one  pound  of  phofphate  of  foda,  value  two  (hillings  The  procefs  of 
and  fix-pence,  add  l|lb.  of  acetite  of  lead,  value  three  fhil-  decompofmg 
lings;  above  one  pound  of  phofphate  of  lead  will  be  immedl-  byacet!  of  lead 
alely  precipitated,  and  about  one  pound  of  acetite  of  foda  may  affords  phofpho- 
beeafily  obtained  by  evaporation.  If  this  fhould  be  valued  atlUS  aL 2S*  Per  oz- 
tvvo  fliillings  and  fix-pence,  the  original  cod  of  the  ingredients 

will  be  reduced  to  three  fliillings,  add  one  (lulling  for  fuel  and 
labour,  and  two  ounces  of  phofphorus  will  be  procured  for 
four  fliillings.  It  is  needlefs  to  remark  the  great  fuperiority  of 
the  lad  method  in  point  of  facility,  neatnefs  and  limplieicy. 


VII. 


On  the  P urijication  of  Water  by  Filtration  ;  with  the  Defcription 
of  a  fimple  and  cheap  Apparatus .  In  a  Letter  from  Sir 
Hen  ry  C.  Englefield,  Bart.  F.  R.  S.  fyc. 


To  Mr.  NICHOLSON. 


SIR, 


I 


CANNOT  but  think  the  filtering  machine  of  Profeffor  Obf.  on  P.  Par- 
Parrott,  publifhed  in  your  lad  Journal,  a  very  inconvenient  machine^Scf 
form  of  a  very  common  indrument;  but  as  the  filtration  of  the 

water 
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water  with  which  the  metropolis  is  fupplied  contributes  mate¬ 
rially  to  the  health  and  comfort  of  thole  who  uleit,  and  in  fadt 
renders  it  purer  than  almoft  any  known  Ipring  water,  a  very 
cheap  and  commodious  apparatus  tor  the  purpofe  may  be  con- 
fulered  as  an  objedt  of  general  utility.  1  therefore  tend  you  a 
feftion  of  a  machine  which  1  conltrufted  teveral  years  lince, 
and  which  any  common  carpenter  can  make  for  a  very  few 
thillings,  which  may  be  thoroughly  cleanfed  at  any  time,  and 
w  hich  occupies  very  little  room. 

As  you  have  already  honoured  feveral  of  my  fhort  elfays, 
publithed  in  other  collections,  with  infertion  in  vour  Journal, 
you  will,  I  trud,  not  be  difpleafed  that  we  lliould  become  im¬ 
mediate  correfpondents. 

I  am.  Sir, 

Your  obedient  Servant, 

H.  C.  ENGLE  FIELD. 


P .  S.  I  will  not  anfwer  for  it  that  the  machine  I  fend  you 
has  not  been  already  introduced  into  ufe.  If  it  has,  you  will 
of  courfe  fupprefs  my  letter;  but  if  it  has,  Profetfor  Parrot’s 
filtre  is  quite  nugatory. 

Arrangement  A  moft  excellent  arrangement  for  the  purification  of  river 
for  purifying  water  on  a  large  fcale  is  mentioned  in  the  writings  of  De  Luc 
"a;e:  °!1  a  la‘£e  or  De  Sauflure,  but  I  cannot  turn  to  the  paflagein  their  works. 

It  was  applied  with  complete  fuccefs  by  the  inventor,  to  the 
ftream  which  fupplied  a  large  town  in  Switzerland.  The  ma¬ 
chine  (if  it  may  be  fo  called)  was  as  follows: 

A  is  the  upper  fur  face  of  the  ftream  to  be  puiified,  B  the 
bottom.  A  cittern  is  funk  of  fix  or  feven  feet  in  depth,  and  of 
a  proper  breadth,  divided  by  parallel  partitions,  alternately 
riling  above  the  furface  level  of  the  dream  and  open  at  the  bot¬ 
tom,  and  level  with  the  bed  of  the  river,  and  doled  at  the 
bottom.  It  is  obvious  that  the  courfe  of  the  water  mull  be  in 
the  direction  of  the  arrows,  and  in  this  repeated  and  flow  af- 
cent  and  defeent,  all  floating  impurities  will  be  left  at  the  top, 
and  the  heavier  mixtures  will  fubfide.  The  cittern  may  be 
eafily  cleanfed,  either  by  taking  out  the  partitions,  if  it  is  on  a 
fmall  fcale,  or  by  fending  perfons  down  between  the  walls,  if 
it  is  built  permanently  for  a  great  dream.  Perhaps,  indeed, 
a  box  having  the  partitions  filled  half  the  way  up  with  land  or 
gravel,  may  on  this  plan  be  the  bed  of  all  liltres  fur  domedic 
ufe. 
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Defcription  of  the  Filtering  Apparatus,  Plate  V.  Fig.  1. 

A  B  The  exterior  tube,  two  feet  high  and  fix  inches  fquare  Filtering  appa- 
within.  ratue  defcribed' 

C  D  The  interior  tube,  four  inches  fquare  at  the  top  and 
three  inches  at  the  bottom.  It  reaches  within  about  three 
inches  of  the  bottom  of  the  exterior  tube,  and  is  covered  at 
the  bottom  with  a  coarfe  linen  tied  round  it.  The  ufe  of  this 
is  to  prevent  the  weight  of  the  water  from  difiurbing  the  fand. 

The  upper  end  of  this  tube  is  formed  into  a  funnel,  for  the 
convenience  of  filling  it  with  water,  and  it  refts  on  the  outer 
tube.  E  a  fpout  for  the  exit  of  the  filtered  water. 

Both  tubes  are  filled  with  clean  watlied  fand  up  to  the  dot¬ 
ted  line  juft  below  the  fpout.  A  bag  for  flopping  the  coarfer 
impurities  may  be  adapted  to  the  funnel.  If  this  machine  be 
placed  under  the  cock  of  any  common  water  cittern,  which  is 
opened  jufl  enough  tofupply  the  funnel  without  running  over, 
it  will  require  no  attendance,  and  will  very  feldom  want  clean¬ 
ing.  It  is  obvious  that  every  part  of  the  machine,  when  the 
two  tubes  are  taken  afunder  is  vifible  to  the  eye,  and  eafily 
reached  by  the  hand.  The  fand,  when  wafhed,  will  ferve 
many  times. 

If  inflead  of  a  funnel,  a  larger  refervoir  of  water  at  the  top 
is  ufed,  which  may  fometimes  be  convenient,  it  will  be  bed 
to  fill  the  upper  part  of  the  inner  tube  for  a  few  inches  with 
clean  frnall  pebbles,  as  the  pouring  in  water  diflurbs  the  upper 
fur  face  of  the  fand. 

It  may  be  made  either  of  wood  or  tin,  but  not  of  lead,  for 
fear  of  impregnation.  It  is  alfo  evident  that  the  rapidity  of 
adiion  of  the  fibre  will  be  in  a  great  degree  regulated  by  the 
difference  of  level  between  the  fpout  and  the  furface  of  the 
water  in  the  funnel,  and  b)  fupplying  the  funnel  with  a  greater 
or  leffer  flream,  the  machine  may  be  made  to  a£t  as  quick  or 
as  flow  as  is  wifhed. 

As  the  water  which  fupplies  the  metropolis  is  often  tainted  Whether  char- 

with  vegetable  or  animal  fubflances  putrified  in  it,  it  might  be  c°a!  wouId  b® 

®  .  °  advantageous  m 

well  worth  while  to  try  whether  filling  the  inner  tube  with  a  filtering  appa- 

powdered  charcoal  might  not  tend  to  free  the  water  fibred ratus  for  water' 

through  it  from  the  difagreeable  tafie  and  fmell  communicated 

by  the  caufes  above-mentioned.  It  will  alfo  be  advantageous 

to  place  the  receiving  veffel  at  fome  diflance  below  the  fpout, 

that  the  flream  may  fall  through  as  much  air  as  it  conveniently 

can. 
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Experiments  of 
heat,  modified 


Experiments  on  the  Effe&s  of  Heat  modified  bp  Comprefjion ,  by 
Str  James  Hall,  Bart,  Read  in  the  Royal  Society  of  Edin¬ 
burgh,  Augujl  30,  1  SOI.  Communicated  by  the  Author. 

1  BEG  leave  to  announce  to  this  Soc  iety  the  refult  of  a  feries 
of  experiments  which  have  occupied  my  attention  almoft  ex- 
by  comp.efiion.  t}uflve]y  during  fevera!  years.  Thefe  experiments  relate  to 
the  effects  of  heat  modified  by  compreffion,  and  are  intended 
to  inveftigate  the  peculiar  and  chara&erifiic  principle  of  the 
Huttonian  theory. 

Dr.  Hutton’s  Dr.  Hutton,  in  common  with  many  former  geologiffs,  has 
compounds' na-3*  afcr‘ked  the  formation  of  all  mineral  fubflances  chiefly  to  fire, 
turally  produced  But,  according  to  him,  the  influence  of  this  element  has  been 
»n  this  way.  very  mucj1  moclified  by  compreffion,  occafioned  by  the  weight 
and  firength  of  a  vail  fuperincumbent  mafs,  which  then  preffed 
upon  what  is  now  the  furface  of  our  globe.  In  this  manner 
he  has  anticipated  the  natural  obje&ion  to  all  igneous  theories 
which  muff  arife  from  a  comparifon  of  various  mineral  fub- 
ftances  with  the  produ<5ls  of  fire  in  our  furnaces;  for  he  con¬ 
ceives  that  preffure  by  reprcfling  volatility  would  occalion  the 
prefence,  in  high  temperatures,  of  many  fubflances  which 
efcape  in  our  fires,  on  a  flight  application  of  heat;  and  that 
thefe  by  their  chemical  relations  would  give  rife  to  a  Bate  of 
things  untried  in  any  experiments  hitherto  publifhed,  but  fuch 
as  to  afford  a  fatisfadlory  explanation  of  all  the  natural  pheno* 
mena  upon  his  hypothefis,  even  of  thole  which  are  the  moft 
incompatible  with  the  common  aflion  of  fire. 

The  f<i£E  are  The  two  fundamental  pojlulata  required  in  this  theory', 
!lJS  namely,  the  a&ion  of  heat,  and  the  prefence  of  a  fuperincum- 
globe;  but  the  bent  mafs  are  certainly  allowable;  fince  the  volcanos  furnifli 
ertedh  have  not  us  with  a  proof  that  internal  fire  does  a£t  occafionally  and  in 
the  irregular  manner  which  this  fyflem  requires ;  and  fince  the 
fragmented  and  perturbed  fiate  of  our  flrata  enables  us  to  fay 
with  certainty  that  great  changes  have  taken  place,  that  enor¬ 
mous  maffes  have  been  removed,  and  that  what  was  once 
placed  at  a  great  depth  is  now  highly  elevated. 

But  a  third  pojlulatum  is  involved  in  this  theory,  which  feems 
to  be  of  more  difficult  admiffion.  Granting  that  heat  did  a& 
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on  fubftancesconftrained  by  preflure,  would  its  a&ion  be  mo¬ 
dified?  Would  that  modification  be  fuch  as  is  atTumed  in  the 
Huttonian  theory? 

To  thefe  quefiions  Dr.  Hutton  has  replied  by  arguments  Dr.  H.  has  en- 
Founded  on  general  analogy;  and  has  retted  the  proof  of  his  hy-  eftablift^hcfe 
pothefis  on  its  agreement  with  the  phenomena  of  nature.  In  effe&s  from  ge« 
that  refpe&few  philofophical  theories  have  been  fo  fortunate;  olo?icai  obfer* 
for  its  univerfal  application  to  every  department  of  the  mineral 
kingdom,  and  its  folution  of  all  the  difficulties,  afford  a  con¬ 
currence  of  probabilities  in  its  favour  which  prels  on  the  mind 
with  almoft  irrefitlible  conviction.  Still  it  muff  be  owned  that 
the  bafis  of  the  fyfiein  is  hypothetical;  and  a  wfith  has  been  ex- 
pretfed  by  every  man  of  fcience  who  has  attended  to  the  fub- 
je<5t,  that  this  bafis  ffiould  be  fubmitted  to  the  teft  of  experi¬ 
ment. 

My  object  has  been  to  accomplifli  that  end,  and  to  bring  ^  author  re- 
■'  J  '  .  °  curs  to  actual 

this  great  queftion  to  an  expcrimentum  crucis.  By  placing  tub-  experiment. 

fiances  in  the  predicament  afligned  to  them  in  the  Huttonian 
theory,  I  have  endeavoured  to  imitate  the  fuppofed  procefs  of 
nature.  In  this  attempt  I  have  met  with  great  and  numerous 
difficulties,  but  I  have  at  laft  fucceeded  beyond  my  original 
expedition,  and  have  obtained  refults,  which,  if  I  am  not 
greatly  deceived,  efiablith  as  a  law  of  chemiftry  the  moll  pa¬ 
radoxical  of  Dr.  Hutton’s  pofitions. 

My  experiments  fhew,  that  when  pounded  carbonate  of  Catenate  °f 

.  ,  ,  ,  •  -  C  I  II  r  II  c  ii  lime  agglutinates 

lime,  produced  by  the  trituration  or  chalk,  of  marble,  or  the  (at  Wedg- 
fhell  of  a  fifh,  or  of  calcareous  fpar,  after  being  rammed  into  wood)  in  rtrong 

a  fmall  tube  of  porcelain,  is  expofed  in  vetfels  of  fufficient  becornesUinV-™^ 
firength  and  tightnefs  to  the  heat  of  21  or  22  of  Wedgwood's  ftone. 
pyrometer  (that  is  to  the  heat  in  which  pure  filver  melts,*) 

th^f. 

*  I  take  this  opportunity  of  mentioning  that  a  very  material  er¬ 
ror  feems  to  prevail  with  refpedt  to  this  point  of  the  pyrometrical 
fcale.  The  error  is  the  more  formidable  that  it  has  been  introduced 
and  fandfioned  by  the  higheft  authority  poffible  in  fuch  a  cafe;  I 
mean  that  of  Mr.  Wedgwood  lnmfelf.  In  his  account  of  the 
pyrometer  he  gives  a  table,  exprefiing  the  effedts  produced  at  va¬ 
rious  points  of  temperature,  and  ftates  28  as  the  melting  heat  of 
filver.  Now  it  confifts  with  my  knowledge  that  pure  filver  melts  at 
22.  I  learned  the  fadl  from  Dr.  Kennedy,  and  I  have  had  occafiont 
to  confirm  the  truth  of  it  in  numberlefs  trials. 
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chalk.. 


the  carbonate  fhrinks  upon  itfelt  and  agglutinates  into  a  firm 
maf*,  which  in  point  of  hardnefs  and  fpecific  gravity  ap¬ 
proaches  very  near  to  common  lime-ftone,  and  fometimes  equals 
it,  and  which  has  frequently  acquired  the  fparkling  fradure, 
the  femi-tranfparency,  the  fufcepiibility  of  polifti,  and  the 
general  afped  of  marble.  The  fame  refult  is  obtained  when 
a  folic!  piece  of  chalk  is  treated  in  a  fimilar  manner,  and  the 
chalk  being  previoufly  meafured  in  Wedgwood's  gage,  is 
found  to  contract  during  the  adion  of  heat  three  times  more 
than  the  pyrometer  pieces  do  in  the  fame  temperature.  During 
the  action  of  heat,  the  carbonate  is  found  to  have  loft  very  lit¬ 
tle  of  its  weight;  that  lofs  amounting  in  many  cafes  to  lefs 
than  one  per  cent,  and  in  fome  experiments  it  has  undergone 
no  (cofible  lots  at  all,  or  fo  very  fmall  a  one,  that  it  may  be 
negleded  without  fear  of  error.  When  thrown  into  an  acid, 
this  artificial  limeftone  effervefees  violently  as  it  diffolves,  the 
difcharge  of  gas  continuing  whilft  the  fmalleft  atom  of  carbo¬ 
nate  remains  vitible. 

1 7i perfect  fufion  1  have  been  in  pofteffion  of  this  fad  fince  the  year  1801,  and 
of  tlit  chalk.  J  long  attempted  in  vain  to  carry  the  experiment  farther,  fo  as 
to  accomplifh  the  fufion  of  the  carbonate.  In  one  folitaryand 
accidental  inftance,  I  had  fucceeded  in  obtaining  it  in  a  ftate 
of  real  froth,  which  could  not  have  been  produced  without 
previous  liquefadion ;  but  being  unable  to  repeat  this  refult,  I 
was  unwilling  to  publifh  it  or  any  of  the  fads  already  ftated, 
till  I  could  do  fo  in  a  more  falisfadory  manner.  In  thecourfe 
of  Jaft  winter,  with  the  help  of  many  improvements  in  my 
mode  of  operation,  and  of  fironger  apparatus,  I  at  laft  ac¬ 
quired  the  power  of  performing  repeatedly  and  even  with 
tolerable  certainty,  w  hat  at  firft  had  been  the  effed  of  chance. 

A&ual  fufion.  In  thefe  experiments  carbonate  of  lime  has  not  only  been  ag- 


This  obfervation  relates  to  the  pyrometer  pieces  fold  by  the  late 
Mr.  Wedgwood,  which  were  formed  of  a  mixture  of  alumine 
with  Cornifh  porcelain  clay.  This  fet  having  been  the  only  one 
ever  diftributed  amongft  chemifts,  muft  certainly  be  looked  upon  a« 
the  ftandard.  Other  lets  had  previoufly  been  made  by  him  of 
Cornifh  clay  alone,  which  had  never  been  fent  abroad,  or  at  leafl 
only  given  to  fome  friends.  It  is  poffible  that  the  difcordance  al¬ 
luded  to  in  this  note,  may  have  been  occafioned  by  experiments 
made  with  thofe  firft  fets,  which  may  have  poffeffed  different  pro¬ 
perties  from  thofe  afterwards  fold. 

glutinated. 
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glutinated,  but  actually  fufed;  the  fubffance  finking  upon  itfelf 
with  a  round  and  glofly  furface,  and  exhibiting  every  proof  of 
a  vifcid  fluidity,  liinilar  to  that  of  melting  (eating  wax.  In 
general  the  fufion  has  been  accompanied  with  a  flight  ebulli¬ 
tion,  which  has  fometimes  changed  the  mafs  to  a  kind  of  troth, 
and  fometimes  has  merely  produced  fome  (battered  air  bubbles. 

The  whole  externally  and  in  its  fradture  (bines  much;  this 
fliine,  arifing  in  fome  cafes  from  numberlefs  tacettes  of  cryffal- 
lization,  and  in  others  from  a  fmooth  and  continued  glofs,  like 
that  of  glafs.  In  many  fpecimens  the  cryflallization  of  newly  Sparry  cryftals 
formed  (par  is  diftindtly  vifible;  the  cryflalline  mafs  confiding  bonate  *’*** 
of  parallel  plates,  which  reflect  together  with  one  glofs.  Some 
of  thefe  are  difcernible  by  the  naked  eye,  though  in  general  to 
fee  them  well  we  require  the  help  of  a  lens.  As  foon  as  the 
carbonate  becomes  foft,  it  begins  to  act  powerfully  on  the  tube 
of  porcelain  (generally  formed  of  pure  Cornifli  clay)  in  which 
it  is  confined;  the  compound  (hewing  itfelf  to  be  much  more  Adion  of  the 
fufible  than  the  pure  carbonate.  It  penetrates  the  minuted  chy  veffel,0”  ^ 
crevices,  and  fpreads  along  the  cup  to  a  confiderable  difiance 
from  the  point  of  contadt  betw-een  the  carbonate  and  the  tube; 
its  termination  being  marked  by  a  black  line,  the  caufe  of 
which  I  have  not  difcovered.  Previous  to  this  fiage  of  fufion 
no  action  whatever  feems  to  take  place  between  the  carbonate 
and  the  porcelain,  the  former  receiving  from  the  latter  an  ac¬ 
curate  imprefiion  of  its  fhape,  acquired  doubtlefs  when  the 
powder  was  rammed  into  the  tube.  In  this  cafe  the  carbonate 
remains  quite  loofe,  and  is  often  heard  to  rattle  before  the  vef- 
fel  is  opened.  Where  pounded  filex  has  been  rammed  into  Union  of  the 
the  tube  in  contadt  with  the  carbonate,  an  union  has(ometimes  ^ 

taken  place,  producing  a  (ubfiance  having  fomewhat  the  ap¬ 
pearance  of  chalcedony,  but  which  (hews  evident  proof  of 
fufion,  it  having  flowed  fo  as  to  form  little  ffaladfites  and  fia- 
lagrnites.  This  fubfiance  effervefces  feebly  in  acid,  in  fome 
cafes  it  leaves  a  femi-tranfparent  cloud  of  undiflolved  matter, 
in  others  diffolves  entirely  the  folution,  yielding  a  jelly  when 
evaporated  to  a  certain  pitch.  This  affords  proof  of  a  real 
union  between  the  carbonate  and  the  filex. 

In  all  the  experiments  alluded  to  in  this  paper,  the  veffels  When  the  vef- 
^  .  fels  failed 

have  been  expofed  to  a  violent  expanfive  force,  by  which  a  the  carbonate  has 
great  number  of  them  have  been  deffroyed,  and  the  experi-  (hewn  different 
menls  have  often  been  loff  or  refulls  obtained  only  of  partial  i^of^cid,0^ 

3  fuccefi. 
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— being  tefs 
tufible,  &c. 


An  apparatus 
refembling  that 
of  Count  Rum- 
ford, 


• — and  regulated. 


Preflare  3  or 
4  hundred  at- 
mofpheres. 


Similar  experi¬ 
ments  on  bitu¬ 
minous  matter. 
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fuccefs.  But  thefe  have  frequent! v  been  of  value,  by  bring¬ 
ing  into  view  important  collateral  tads.  Thus  I  have  found 
that  under  certain  cir  cum  fiances,  a  partial  calcination  has  taken 
place  by  the  feparaiion  of  fome  of  the  carbonic  acid  from  the 
lime,  though  enough  fiill  remained  to  preferve  many  of  the 
leading  properties  of  a  carbonate.  When  a  lofs  is  fuflained, 
amounting  only  to  two  or  three,  or  even  four  per  cent.  I  find 
the  fub fiance  fiill  fufceptible  of  agglutination  and  fufion,  but 
its  fufibility  is  greatly  diminifhed,  a  heat  of  40  or  50  being  re¬ 
quired  to  accompli fh  what  would  have  been  done  in  22  or  25, 
had  the  earth  continued  to  be  completely  faturaled  with  car¬ 
bonic  acid,  and  the  carbonate  thus  obtained  is  apt  to  fall  to 
decay  by  attra6ling  moifiure  from  the  air.  Thefe  differences 
afford  a  good  illufiration  of  the  influence  exerted  by  the  acid  as 
a  flux  on  the  earth. 

Having  thus  afeertained  the  fufibility  of  the  carbonate  under 
preflure  of  indefinite  amount,  I  became  defirous  of  afligning 
its  limits,  and  of  difeovering  the  leaft  force  neceflary  for  this 
purpofe.  In  this  view,  in  addition  to  my  other  devices,  I  fol¬ 
lowed  thofe  ufed  by  Count  Rumford  in  trying  the  explofive 
firength  of  gun-powder,* 

By  means  of  a  great  weight  prefling  upon  a  fmall  opening, 
and  regulated  by  a  counterpoife  adjufled  at  pleafure,  I  was  able 
to  confirain  the  carbonate  to  any  given  amount.  In  this  man¬ 
ner  I  found  that  the  pretrure  of  80  atmofpheres,  anfvvering 
nearly  to  half  a  mile  of  fea  in  depth,  was  requifite  to  produce 
any  eiFed  of  compreflion  on  the  carbonate  of  lime,  and  that 
to  execute  the  bufinefs  well  required  a  force  four  or  five  times 
greater. 

I  have  likewife  made  fome  experiments  with  coal  treated  in 
the  fame  manner  as  the  carbonate  of  lime,  but  I  have  found  it 
much  lefs  tradable,  for  the  bitumen,  when  heat  is  applied  to 
it,  tends  to  efcape  by  itsfimple  elaflicity,  whereas  the  carbo¬ 
nic  acid  in  marble  is  in  part  retained  by  the  chemical  force  of 
quick  lime.  I  fucceeded,  however  in  conftraining  the  bilu* 
menous  matter  of  the  coal  to  a  certain  degree  in  red  heats,  fo 
as  to  bring  the  fubfiance  into  a  complete  fufion,  and  to  retain 
its  faculty  of  burning  with  flame.  But  I  could  not  accomplifh 
this  in  heats  capable  of  agglutinating  the  carbonate;  fori  have 
found,  where  I  rammed  them  fucceflively  into  the  fame  tube, 

*  Philof.  Journal,  quarto  feries,  I.  459. 

*  and 
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and  where  the  veflel  lias  withftood  the  expanftve  force,  that 

the  carbonate  has  been  agglutinated  into  a  good  lime-hone,  but  Remarkable  fa& 

that  the  coal  has  loft  about  half  its  weight,  together  with  its  refen‘,bling 

power  of  giving  flame  when  burnt,  remaining  in  a  very  com-  blind  goal. 

pa£t  hate  with  a  fiiining  fraclure.  Although  this  experiment 

has  not  afforded  the  defired  refulf,  it  anfwers  another  purpofe 

admirably  well.  It  is  known  that  where  a  bed  of  coal  is  eroded 

by  a  d)ke  of  Whinhone,  the  coal  is  found  in  a  peculiar  hate 

in  the  immediate  neighbourhood  of  the  Whin,  the  fubhance  in 

fuch  places  being  incapable  of  giving  flame,  it  is  diftinguifhed 

by  the  name  of  blind  coal.  Dr.  Hutton  has  explained  this 

fa<5t  by  fuppofing  that  the  bituminous  matter  of  the  coal  has 

been  driven  by  the  local  heat  of  the  Whin  into  places  of  lefs 

intenfity,  where  it  would  probably  be  retained  by  dihillation. 

Yet  the  whole  mull  have  been  carried  on  under  the  adlion  of  a 
prehure  capable  of  conhraining  the  carbonic  acid  of  the  calca¬ 
reous  fpar  which  occurs  frequently  in  fuch  rocks.  In  the  Iafl 
mentioned  experiment,  we  have  a  perfect  reprefentation  of  the 
natural  fa&  finee  the  coal  has  loft  its  petroleum,  yvhilft  the  chalk 
ill  contaft  with  it  has  retained  its  carbonic  acid. 

I  have  made  fome  experiments  of  the  fame  kind  with  ve-  Animal  and  ye- 
getable  and  animal  fubftances.  I  found  their  volatility  much  ^u^tr^ated C  $ 
greater  than  that  of  coal,  and  I  was  compelled  with  them  to 
work  in  heats  below  rednefs;  for  even  in  the  lowed  red  heat 
they  were  apt  to  deilroy  the  apparatus.  The  animal  fubftance 
I  commonly  ufed  was  horn,  and  the  vegetable  favv-duft  of  fir. 

The  horn  wras  incomparably  the  moft  fuftble  and  volatile  of  the 
two.  In  a  very  flight  heat  it  was  converted  into  a  yellow  red 
fubftance  like  oil,  which  penetrated  the  clay  tubes  through  and 
through.  In  thefe  experiments  I  therefore  made  ufe  of  tubes 
of  glafs.  If  was  only  after  a  confiderablc  portion  of  the  fub¬ 
ftance  had  been  feparated  from  the  mafs  that  the  remainder  af- 
fumed  the  clear  black  peculiar  to  coal.  In  this  way  I  obtained 
coal,  both  from  faw-duft  and  from  horn,  which  yielded  a  bright 
flame  in  burning. 

The  mixture  of  the  two  produced  a  fubftance  having  exa6tly  Probability  that 
the  fmell  of  foot  or  coal  tar.  I  am  therefore  ftrongly  inclined  coal  animal 
to  believe  that  animal  fubftance,  as  well  as  vegetable,  has  con-  table  origin.* ^ 
tributed  towards  the  formation  of  our  bituminous  ftrata.  This 
feems  to  confirm  an  opinion  advanced  by  Mr.  Keir,  w  hich  has 
been  mentioned  to  me  ftnee  I  made  this  experiment.  I  con¬ 
ceive 
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Horn  totally  vo¬ 
latilized  under 
ftrong  but  not 
extreme  prel- 
fure. 


Exhibition  and 
defcription  of 
the  refults  of 
carbonate  ex- 
pofed  to  heat 
under  thong 
prefi'uie. 


ceive  that  the  coal  which  now  remains  in  the  world  is  but  a 
fmall  portion  of  the  organic  matter  originally  depoPted,  the 
moP  volatile  parts  having  been  driven  otF  by  the  action  of  heat 
before  the  temperature  had  rifen  high  enough  to  bring  the  fur¬ 
rounding  fubPance  into  fufion,  fo  as  to  confine  the  elaPic  fluids 
and  fubjedl  them  to  compreffion. 

In  feveral  of  thefe  experiments,  I  found  that  when  the  pref- 
fure  was  not  great,  when  equal,  for  inPance,  only  to  80  at- 
inofpheres,  that  the  horn  employed  was  ditfipated  entirely,  the 
glafs  tube  which  had  contained  it  being  left  almoft  clean,  yet 
undoubtedly  if  expoled  to  heat  without  compreffion,  and  pro¬ 
tected  from  the  contaCt  of  the  atmofphere,  the  horn  would  leave 
a  cinder  or  coak  behind  it,  of  matter  wholly  devoid  of  volati¬ 
lity.  Here  then  it  wmuld  feem  as  if  the  moderate  preffure,  by 
keeping  the  elements  of  the  fubfiance  together,  had  promoted 
the  general  volatility,  without  being  ftrong  enough  to  refift 
that  expanfive  force,  and  thus,  that  the  wdiole  had  efcaped. 
This  refult,  which  I  ffiould  certainly  not  have  forefeen  in  the¬ 
ory,  may  perhaps  account  for  the  abfence  of  coal  in  fituations 
where  its  prefence  might  be  expe&ed  on  principles  of  general 
analogy. 

I  have  fliewn  feveral  fpecimens  of  thefe  refults  to  my  friends, 
in  particular  to  Lord  Webb  Seymour,  Mr.  Playfair,  and  Mr. 
Davy,  who  have  agreed  in  thinking  that  the  invePigation  is 
now  brought  to  fuch  a  Page  ot  advancement,  that  the  refult 
ought  to  be  made  public. 

I  propofe  in  the  courfe  of  next  winter  to  lay  before  the  So¬ 
ciety  a  particular  account  of  all  thefe  refults,  and  of  the  me¬ 
thods  followed  in  obtaining  them.  In  the  mean  time  I  (hall 
now  fubmit  a  few  of  them  to  the  infpeCtion  of  the  gentlemen 

Nos.  1,  2,  3,  4,  5,  6  and  7,  were  all  produced  in  feparate 
experiments  from  pounded  carbonate  of  lime.  No.  1,  was 
amongP  the  firft  of  my  fuccefsful  refults,  having  been  obtained 
in  1799.  It  is  a  firm  ftone,  requiring  a  fmart  blow  of  a  ham¬ 
mer  to  break  it.  It  was  inclofed  in  a  cartridge  of  paper,  the 
mark  of  which  it  Pill  bears.  The  other  fix  are  Pill  harder  and 
more  compaCt,  approaching  nearly  in  thele  qualities  to  com¬ 
mon  Iime-Pone.  Nos.  2,  4,  and  7,  poflefs  a  degree  of  femi- 
tranfparency  moP  remarkable  in  No.  4,  and  all  of  thefe  fpeci¬ 
mens  exhibit  an  uneven  fra&ure,  approaching  to  that  of  bees¬ 
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wax  and  marble.  Their  colours  are  varioufly  though  (lightly 
tinged  with  yellow  and  blue ;  in  particular  No.  3,  which  though 
produced  from  common  white  chalk,  refembles  a  yellow  mar¬ 
ble.  Nos.  3,  5  and  6  have  taken  a  tolerable  polifh.  No.  7 
contains  a  (hell  introduced  along  with  the  pounded  chalk,  and 
now  clofely  incorporated  with  it. 

Nos.  8,  9,  10,  11,  all  formed  from  pieces  of  chalk  ex- 
pofed  unbroken  to  heat  and  preffure.  No.  8  is  remarkable  for 
a  diining  grain  and  femi-tranfparency.  Nos.  9  and  10  (hew 
parallel  planes  like  internal  ((ratification  which  has  often  ap¬ 
peared  in  chalk,  in  confequence  of  the  a£tion  of  heat,  though 
nothing  of  the  kind  could  be  feen  in  the  native  mafs.  No.  11, 
very  compact,  and  of  a  yellow  colour. 

By  various  trials,  to  be  given  in  detail  hereafter,  it  appears  Great  Increafe  of 
that  the  carbonate  in  all  thefe  experiments  has  undergone  a  ciTfenefs30*1 
great  diminution  of  bulk,  amounting  in  feme  cafes  to  more 
than  j  of  the  original  mafs;  and  that  its  denfity  has  been  pro- 
portionably  increafed.  At  the  fame  time  the  porofity  of  the 
fubfiance  has  diminifhed  in  a  dill  higher  degree.  Thus  it  is 
found  that  chalk  in  its  natural  (late  abforbs  and  retains  from  £0 
to  25  per  cent,  of  water;  but  after  being  expofed  to  heat  un¬ 
der  compredion,  that  it  does  not  abforb  quite  0.2  per  cent,  or 
the  500  part  of  its  weight. 

Nos.  12,  13.  Examples  of  welding,  in  which  the  pounded  Other  fpecimens 
chalk  has  been  incorporated  with  a  lump  of  chalk,  upon  which  pofe2  ^heat 
it  had  been  rammed,  fo  that  their  joining  is  hardly  vifible  in  under  ftrong 
the  frafture.  Preffure- 

Nos.  14,  15,  16.  Shewing  the  fufion  of  the  carbonate  well 
advanced,  with  a  confiderable  a6tion  on  the  porcelain  tube.  In 
No.  15,  the  rod  of  chalk  is  half  melted,  and  a  yellow  fub- 
dance  produced  by  a  mixture  of  the  carbonate  with  the  porce¬ 
lain.  No.  16  is  a  lump  of  chalk,  in  a  date  indicating  foftnefs ; 
a  piece  of  porcelain,  which  lay  in  contadt  with  it,  having  funk 
a  little  into  the  fubdance  of  the  carbonate. 

Nos.  17  and  18,  being  delicate,  are  inclofed  in  tubes  of 
glafs.  No.  17,  formed  from  pounded  chalk,  (hews  in  one 
part  the  mod  complete  formation  of  fpar  with  its  rhomboidal 
fracture  I  have  ever  obtained.  The  carbonate  having  lod  fome 
o(  its  carbonic  acid,  had  crumbled  fo  much  in  its  edential  parts 
by  the  action  of  the  air,  that  the  crydallization  was  no  longer 
vifible,  and  I  had  given  up  the  fpecimen  for  lod  till  within 

thefe 
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Other  fpecimens  thefe  few  days.  When  employed  in  examining  tbefe  refults, 
pofe^to^ heat  a  md^s  the  carbonate  broke  in  two,  and  exhibited  the  frac- 

under  ftrong  mi  e  now  before  us  nearly  m  as  good  a  (late  as  it  was  originally, 
f. eifa; e.  |  immediately  inclofed  it  in  a  glafs  tube,  and  fealed  it  up  with 

wax,  fo  that  I  have  luqies  of  preferving  it.  In  the  meantime 
I  am  happy  to  fhew  it  entire  to  the  Society.  No.  18,  likewife 
from  pounded  chalk  is  perfectly  frefh  and  entire,  though  made 
more  than  a  year  ago;  it  thews  fome  beautiful  clear  cry  dais  of 
fpar  in  parallel  plates,  but  is  lo  fmall  as  to  require  the  ufe  ot  a 
glafs. 

Nos.  19,  20,  21,  (hew  examples  of  fudon  and  a&ion  on  the 
tubes.  In  number  19,  a  fhell  is  finely  united  to  fome  pounded 
chalk.  In  No.  20,  the  mats  originally  of  pounded  chalk  is 
dnking  upon  itfelt,  and  acting  at  the  tame  time  upon  the  tube. 
The  pure  carbonate  in  its  fracture  (hewing  brilliant  facettes  of 
crydallization.  In  No.  21,  the  carbonate  in  a  date  like  the 
lad;  the  compound  of  porcelain  and  carbonate  die  wing  its  li¬ 
quidity  by  penetrating  the  tube  fo  as  to  form  a  didinct  vein, 
and  then  fpreading  on  its  ouldde  to  a  condderable  extent,  ter¬ 
minating  with  the  black  line  above  alluded  to. 

Nos.  22,  23,  24*,  give  proofs  of  entire  fudon.  In  No.  22, 
we  fee  two  porcelain  tubes  inclofed  for  prefervation  in  a  glafs 
tube,  the  fealed  end  of  which  mud  be  held  downwards,  to 
lhew  the  podtion  in  which  the  experiment  was  made.  The 
innermod  porcelain  tube  dands  with  its  muzzle  upwards,  and 
the  outermod  covers  it  in  the  inverfe  podtion;  the  carbonate 
was  contained  in  the  inner  tube.  During  the  aftion  of  heat, 
the  barrel  failed  fuddenly,  and  the  carbonate  has  boiled  over 
the  lips  of  the  inner  tube,  running  down,  as  here  appears, 
almod  to  its  bottom  ;  thus  proving  that  immediately  previous 
to  the  failure  of  the  apparatus,  the  carbonate  had  been  in  a 
liquid  date.  No.  23,  two  inatTes  of  carbonate,  welded  toge¬ 
ther  in  a  complete  date  of  froth.  The  lubdance  diming  and 
tranfparent.  No.  24*,  two  feparate  mafies  expofed  together  to 
heat;  one  from  pounded  chalk,  now  in  a  date  quite  like  the 
lad;  the  other  put  in  as  a  lump  of  chalk  dreded  dat  at  both 
ends,  and  a  letter  cut  on  each  end  (as  done  in  many  of  the 
experiments.)  It  is  in  a  fliining  and  almod  tranfparent  date; 
at  one  end  the  fiat  form  and  the  letter  are  (till  vidble;  the  other 
end  is  completely  rounded  in  iufion,  with  a  glofTy  furface. 

Nos. 


ON  ATMOSPHERICAL  AIR. 

Nos.  25,  26,  refults  of  coal.  No.  25,  produced  by  the 
fufion  of  common  coal  under  preflure  in  low  red  heat.  It 
gave  flame  powerfully.  No.  26,  coal  produced  from  horn. 
It  is  a  fliining  black  fubflance,  exactly  refembling  pitch  or  pe¬ 
troleum,  and  burns  with  a  bright  flame* 
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Atmofphcrical  Air  not  a  mechanical  Mixture  of  the  Oxigenovs  and 
Azotic  Gafes ,  demonjt  rated  from  the  Specific  Gravities  of  thefc 
Fluids.  Jn  a  Letter  from  Mr.  John  Gough. 


SIR, 


To  Mr.  NICHOLSON. 


HAVE  already  attempted  to  prove  common  air  not  to  be  a  Introductory  re- 
mechanical  mixture.  The  arguments  which  I  ufed  for  them?riis* 
purpofe,  were  drawn  from  the  properties  of  refracted  light 
and  the  motion  of  founds  through  elaflic  fluids.  Such  proofs 
are  of  an  indirect  nature;  and  though  the  mathematician  may 
fee  the  force  of  them,  they  may  not  carry  an  equal  degree  of 
conviction  to  the  chemift,  who  ought  alfo  to  be  convinced. 

The  following  obfervations  apply  more  immediately  to  the 

fubjedt ;  and  I  do  not  perceive  how  they  can  be  refuted,  unlefs 

this  be  done  by  deputing  the  accuracy  of  the  experiments  on 

which  they  are  founded.  The  prefent  enquiry  has  the  re- Experimental 

commendation  of  being  flatical,  and  the  data  of  my  calcula- data* 

tions  are  borrowed  from  certain  experiments  made  by  Mr. 

Kirwan  and  M.  Lavoifier.  According  to  the  former  gentle¬ 
man,  if  the  weight  *  of  atmofpherical  air  be  denoted  by  1000, 
that  of  an  equal  bulk  of  carbonic  acid  gas  will  be  1500,  of 
oxigenous  gas  1103,  of  azotic  gas  985.  An  attempt  to  dif- 
cover  the  comparative  weights  of  a  number  of  gafes  is  a  diffi¬ 
cult  undertaking;  but  the  preceding  ratios  may  be  ufed  with 
fome  degree  of  confidence,  becaufe  they  have  been  eflabliflied 
by  a  philofopher  of  the  higheft  reputation.  Then  in  order  to 
apply  them  to  the  bufinefs  in  hand,  we  will  fuppofethe  weight 
of  100  cubic  inches  of  common  air  to  be  denoted  by  unity; 
though  the  real  weight  of  the  quantity  may  be  Rated  at  31  Equations  ta 

*  Eflay  on  PhJogifton.  hudr?*6  0Xlgcn 
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Air  contains  car¬ 
bonic  acid. 


1 


u  and  y  deter¬ 
mined. 


grains,  according  to  Mr.  Kirwan.  Alfo  let  the  chara&ers 
iv,  x,  and  y,  exprefs  refpeftively  the  cubic  inches  of  the  car¬ 
bonic  acid,  the  oxigenous,  and  azotic  gafes,  which  compofe 
the  mixture  contained  in  100  folid  inches.  Now  zv  -f-  x  -\-  y 
=  100  inches  by  hypothecs.  But  if  100  inches  of  air  be  de¬ 
noted  by  unity,  the  fame  bulk  of  carbonic  acid  gas  will  be 
exprelfed  by  the  fra&ion  by  the  experimental  dat3  ; 

confequently  the  weight  of  this  gas  in  the  mixture  will  be 
found  by  the  following  proportion  ;  i.  e.  as  100  :  1  :  w  : 

In  like  manner,  the  weight  of  the  oxigen  is  found 
to  be  -reffi&g*  and  azote  is  Now  the 

furn  of  thefe  weights  is  ecjual  to  unity  by  the  premifes  of  the 
calculation  :  if  then  the  equation  be  multiplied  by  100000  on 
the  common  denominator  of  the  unknown  quantities,  italfumes 
the  following  form  ;  i.  e.  1 500  zv  -f-  1 103x4"  985  y  =  100000. 
Thus  it  appears  that  we  have  only  two  equations,  when  the 
quantities  to  be  determined  are  three  ;  this  circunvftance  leaves 
the  problem  unlimited  ;  that  is,  the  value  of  one  of  the  quan¬ 
tities  muff  be  difeovered  without  the  aid  of  calculation. 

M.  Chaplal  takes  no  notice  of  the  carbonic  acid  in  his  ob- 
fervations  on  the  conditution  of  common  air ;  which  appears 
to  be  an  overfight,  at  lead  in  a  general  view'  of  the  fubjeft  ; 
for  various  procefles  of  nature  as  well  as  art  condantly  dif- 
charge  this  gafeous  acid  into  the  atmofphere,  w'here  its  pre¬ 
fence  is  alio  indicated  by  quick -lime  being  converted  into  a 
carbonate,  when  placed  in  open  fituations.  Thefe  facts 
amount  to  more  than  a  probability,  that  the  lower  parts  of  the 
atmofphere  contain  a  dight  admixture  of  the  carbonic  acid  : 
this  fmall  portion,  however,  was  undoubtedly  retained,  in  a 
great  meafure,  by  the  azotic  gas  which  Mr.  Kirwan  ufed  in 
his  experiments  ;  becaule  he  prepared  it  from  common  air, 
which  was  confined  over  mercury,  together  with  a  pade  of 
fulpbur  and  the  filings  of  iron. 

This  fingle  condderation  induces  me  to  follow'  the  example 
of  M.  Chaptal  in  making  zv  of  no  value  ;  and  the  dep  may  be 
taken  with  the  greated  fecurity  in  the  prefent  indance,  be- 
caufe  it  increafes  the  value  of  x,  if  it  alter  it  at  all  ;  that  is, 
the  amount  of  the  oxigenous  gas,  as  found  by  calculation,  will 
exceed  the  truth,  on  the  fuppofition  that  the  carbonic  acid 
remained  in  the  azotic  gas,  which  Mr.  Kirwan  weighed.  Jf, 
then,  w  be  put  equal  to  nothing,  the  preceding  equations  af- 
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fume  the  following  forms ;  i.  e.  x  y  =  100,  and  1 103  x  -f* 

9S5 y  =  100000.  Multiply  the  former  by  985,  fubtrad  the 
product  from  the  latter,  and  you  will  have  the  following  equa¬ 
tion  ;  i.  e.  ]I8jr=  1500:  Hence  by  divifion,  x  = 
and  the  excefs  of  100  above  this  number  gives  y  =  87 
The  fteps  of  this  procels  have  been  detailed  minutely,  with  a 
view  to  enable  the  chemical  reader,  who  has  the  lead  know- 
ledge  of  algebra,  to  confider  the  grounds  of  the  following 
conclufions,  and  to  form  his  own  judgment  refpe&ing  the 
weight  of  them. 

It  is  evident  from  the  foregoing  calculation,  that  if  100  parts  Air  not  a  mix- 
r  ■  .  r  .  •  ture  of  oxigen- 

ot  a  mixture  of  the  oxigenous  and  azotic  gales,  having  the  ous  and  azotjc 

fpecihc  gravity  of  common  air,  were  deprived  or  their  oxigen  gates, 
in  a  graduated  tube,  the  refiduum  would  meafure  fomething 
more  than  87  fuch  parts,  i.  e.  87, But  when  an  equal 
bulk  of  the  atmofpherical  fluid  is  treated  in  the  fame  manner, 
the  portion  of  it  which  remains  unabforbed,  is  much  lefs  than 
the  preceding  quantity  ;  M.  Chaptal  makes  it  to  be  72  fuch 
parts,  and  tome  writers  call  it  78,  the  mean  of  which  is  75. 

Now  if  we  fubtrad  any  one  of  thefe  numbers  from  the  refi¬ 
duum  fixed  by  calculation,  a  difference  will  be  found,  which 
cannot  be  referred  to  the  unavoidable  imperfedtions  of  eudio¬ 
meters,  becaufe  it  could  hardly  elcape  obfervation  in  any  in- 
firument  of  the  kind,  the  leaft  excefs  being  more  than  nine 
parts,  or  nearly  a  tenth,  of  the  whole  fcale  of  100  parts.  On 
the  other  hand,  a  mixture  of  72  parts  azote  and  28  oxigen,  or 
of  78  of  the  former  and  22  of  the  latter,  exceeds  an  equal  bulk 
of  common  air  in  weight  ;  confequently  the  atmofpherical 
fluid  is  not  a  mechanical  mixture  of  the  two  gafes  in  quefiion, 
if  any  credit  be  due  to  the  experimental  data. 

Though  air  has  been  (hewn  not  to  conflfl:  of  the  oxigenous  Air  a  gafeout 
and  azotic  gafes  Amply  mixed  together,  it  is  certainly  a  com-  °xide  °*  azotSl 
pound  that  maybe  refolved  into  thefe  two  principles:  For 
betides  fupporting  refpiration  and  combufiion,  it  converts  me¬ 
tals  into  oxides,  and  the  nitrous  gas  into  nitric  acid  ;  therefore 
it  contains  the  oxigenating  principle.  On  the  other  hand, 
when  air  is  employed  to  oxigenate  bodies,  the  refiduum  of 
it  is  azotic  gas  of  greater  or  lefs  purity;  confequently  the  at- 
motpherical  fluid  is  a  gafeous  oxide  of  azote,  which  can  be 
decompofed  by  art,  though  chemifis  have  not  as  yet  difco- 
vered  a  certain  method  of  producing  it  at  plcafure,  by  uniting 
the  oxigenating  matter  to  the  azotic  bafe. 
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Statical  analyfis  Facts  have  obliged  me  to  give  a  name  to  common  air,  which 
01  has  been  hitherto  exclufively  applied  to  the  dephlogiflicaU-d 

nitrous  air  of  Dr.  Prieftly.  This  remark  being  made  for  the 
fake  of  perfpicuity,  I  will  endeavour,  in  the  next  place,  to 
give  a  fiatical  analyfis  of  the  atmofpherical  fluid.  It  100  cubic 
inches  of  common  air  weigh  31  grains,  the  weight  of  an  equal 
bulk  of  azotic  gas  will  be  30.535  grains ;  becaufe  as  1000  :  3 1 
:  :  985  :  30.535  :  in  like  manner  the  weight  of  100  cubic 
inches  of  oxigenous  gas  will  be  found  to  be  34.193  grains* 
The  quantity  of  azotic  gas  in  100  cubic  inches  of  air,  will  be 
Hated  at  75  inches  in  the  prefent  calculation,  for  the  following 
reafons :  Firjl,  Becaufe  75  is  the  mean  of  72  and  78  ;  fccond> 
Becaufe  M.  Lavoifier  found,  that  four  inches  of  oxigenous 
gas  and  16  inches  of  air  faturate  equal  quantities  of  the  nitrous 
gas.  Thefe  premifes  being  fettled,  we  fliall  find  the  weight 
of  75  inches  of  azotic  gas  to  be  22.90125  grains;  confequently 
the  weight  of  the  oxigen  gas  in  100  cubic  inches  of  common 
air,  is  the  excefs  of  31  above  the  lafl  number,  or  8.09875 
grains  ;  therefore  as  34.193  :  100  inches  :  :  8.09875  grains 
:  23.685  inches,  which  is  the  meafure  of  the  oxigen  gas  in  100 
cubic  inches  of  common  air,  when  the  azotic  gas  is  Hated  at 
75  inches.  Thus  it  appears,  that  if  100  parts  of  the  atmo¬ 
fpherical  fluid  were  decompofed,  the  elementary  gafes  would 
occupy  together  no  more  than  98.685  fuch  parts;  and  a  dif¬ 
ference  of  a  like  nature  will  be  obferved,  if  the  azotic  gas  be 
called  72  or  78  per  cent.;  hence  it  follows  that  the  denfity  of 
air  is  Iefs  than  that  of  the  mechanical  mixture  of  its  elements. 
This  pofition  may  appear  paradoxical  at  the  HrH  view,  but 
chemillry  can  furnifh  various  infiances  of  compounds,  which 
are  fpecifically  lighter  than  the  aggregates  of  their  ingre¬ 
dients. 

The  oxigen  of  This  analyfis  mufi  remain  incomplete,  until  the  powers  of 

the  air  compared  the  oxigen  of  the  atmofphere  have  been  compared  with  the 

with  the  0XIScn*  correfpon6ing  effect  of  an  equal  weight  of  the  oxigenous  gas. 
cus  gas#  r  o  to  o  o 

Such  an  attempt,  however,  is  liable  (o  great  uncertainty  ; 
becaufe  the  experiments  which  fhould  fupply  the  neceffary 
data,  are  varioufly  reprefented  by  different  writers.  M. 
Lavoifier  fays,  that  four  parts  of  oxigenous  gas  and  nearly  16 
of  common  air,  oxigenate  equal  bulks  of  nitrous  gas,  namely 
17,-j  parts.  On  the  contrary,  M.  Chaptal  found  by  repeated 
experiments,  that  12,  or  at  mofi  13,  parts  of  air  were  fufif- 
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cient  to  faturate  the  fame  quantity  of  nitrous  gas.  The  data 
of  the  following  calculation  are  taken  partlv  bom  the  one  and 
partly  from  the  other  author  *  I  have  fuppoted  with  M.  La- 
voifier,  that  three  inches  of  the  oxigenous  will  acidify  13 
inches  of  the  nitrous  gas:  M.  Chaptal  is  followed  in  other  re- 
fpefls,  namely,  the  atmofphere  is  imagined  to  contain  72  per 
cent,  of  azote,  and  39  inches  of  air  are  made  equivalent  to  52 
of  nitrous  gas.  The  calculation,  which  is  formed  upon  thefe 
fuppofitions,  will  in  all  probability  prove  incorrect ;  but  I  have 
ventured  to  infer t  it,  as  being  a  novelty,  which  is  likely  to 
excite  enquiry.  If  39  inches  of  air  can  faturate  52  of  nitrous 
gas,  100  inches  of  the  former  require  133.333  of  the  latter. 

Again,  if  13  inches  of  nitrous  gas  demand  three  of  oxigen, 

133.333  of  the  former  will  require  30.303  of  the  latter.  But 
the  weight  of  30.303  inches  of  oxigen  gas  amounts  to  10.361 
grains,  which  is  equivalent  in  effect  to  100  inches  of  air. 

Now  72  inches  of  azotic  gas  weigh  21  985  grains,  which 
being  taken  from  31  grains,  leaves  9.015  grains  for  the  weight 
of  the  oxigenous  part  of  100  inches  of  air;  in  round  numbers, 

90  grains  of  the  latter  kind  of  oxigen  are  equal  in  effect  to 
103  of  the  former. 

I  know  that  M.  Lavoifier,  in  fpeaking  of  the  conftitution 
of  nitric  acid,  makes  100  grains  of  it  contain  64  grains  of  the 
nitrous  and  36  of  the  oX;genous  gas;  or  173  inches  of  the 
former  and  105  of  the  latter.  Had  the  data  of  the  preceding 
calculation  been  taken  from  this  ratio,  the  comparative  fupe- 
riority  of  atmofpherical  oxigen  would  have  been  much  greater 
than  it  appears  to  be  by  the  lad  paragraph.  A  preference, 
however,  has  been  given  to  the  preceding  hypothecs,  becaufe 
I  defire  to  excite  enquiry,  rather  than  expedl  to  effablifh  any 
thing  of  a  permanent  nature  concerning  the  fubjedl. 

The  preceding  arguments,  in  conjunction  with  others  of  a  The  origin  of 
kind  more  uncertain  than  themfelves,  fuggefied  to  me  the  [he  Phil'jour 
probability  of  atmofpherical  oxigen  polTeffing  a  greater  degree  vol.viii.  p.246. 
of  efficacy  than  an  equal  weight  of  vital  air.  This  idea  oc¬ 
curred  to  me  feveral  months  ago  ;  and  I  at  length  refolved  to 
propofe  it  to  the  public  in  a  number  of  hypothetical  quefiions, 
which  appeared  in  your  Journal  for  Auguft.  Thefe  queries 
are  evidently  borrowed  from  feme  ingenious  (peculations,  that 
were  publiffied  in  the  eighth  volume  of  the  lame  work*;  for 
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the  queries  imply,  in  common  with  the  remarks  here  alluded 
to,  that  the  oxigenating  matter  is  water  chemically  united  to 
the  pofitive  power  of  the  galvanic  pile.  In  order  to  accom¬ 
modate  this  notion  to  the  cafe  of  common  air,  I  have  fuppofed 
that  the  oxigen  of  the  atmofphere  receives  a  ftronger  charge 
of  the  power  in  queftion,  than  that  which  is  imparted  to  vifal 
air;  in  confequence  of  which  it  takes  up  an  additional  quan¬ 
tity  of  water,  upon  being  difunited  from  the  azotic  bafis,  and 
is  thus  converted  into  oxigenous  gas.  Should  future  experi¬ 
ments  difcover  that  bodies,  which  are  oxigenated  by  given 
portions  of  common  air  in  contaft  with  water,  acquire  more 
weight  than  the  air  lofes,  the  difcovery  will  undoubtedly  open 
a  w'ide  field  for  enquiry. 

JOHN  GOUGH. 

Middlejhaw,  Sept .  5,  1804. 


X. 


Letter  from  Thomas  Young,  M.  D.  F.  R.  S.  fyc,  annotincing 
the  Difcovery  of  anew  moving  Star ,  by  Mr.  Harding,  of 
Lilienthal ;  and  on  other  Subjects. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

New  planet  i  HAVE  juft  received  a  letter  from  Dr.  Gaufs  of  Brunfwick, 
late  y  chitovered,  p  s.  dated  September  11,  in  which  he  informs  me  that; 

a  few'  days  before,  Mr.  Harding  at  Lilienthal  had  difcovered 
“  a  new  moving  ftar,  mod  probably  another  new  planet  of 
our  folar  fyflem.”  Dr.  Gaufs  is  certainly  a  perfon  on  whofe 
judgment  much  dependance  may  be  placed:  He  has  fent 
fome  further  particulars  of  the  difcovery  to  the  Aftronomer 
Royal. 

Maximum  of  I  lake  this  opportunity  of  making  a  criticifm  on  a  work  of 
denfity  of  wa,er.  ^rea^  eXpeiqmentaj  merit  wrhich  has  lately  appeared.  It  re¬ 
lates  to  the  apparent  expanfion  of  water  in  a  veffel  of  glafs. 
Mr.  Leflie  calculates,  from  the  fuppofition  that  the  expanfion 
of  water  is  proportional  to  the  fquare  of  the  degrees  of  tem¬ 
perature  above  the  freezing  point,  and  from  the  expanfion  of 
glals  meafured  by  General  Roy,  that  the  apparent  maximum 
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of  denfity  fliould  be  at  6°  of  the  decimal  fcale :  but  be  has 
taken  in  this  calculation  the  mean  rate  of  expanfion  from  the 
freezing  to  the  boiling  point,  inftead  of  the  expanfion  at  the 
boiling  point,  which,  upon  the  fuppofition,  is  twice  as  great; 
hence  the  apparent  maximum,  on  the  fame  grounds  of  calcu¬ 
lation,  fliould  be  at  3°  of  the  decimal  fcale,  or  at  37.4°  of 
Fahrenheit.  Mr.  Dalton  attempts  to  avoid  this  difficulty  by 
fuppofing  that  the  thin  bulb  of  a  thermometer  expands  more 
than  the  glafs  tube  employed  by  General  Roy. 

The  fame  ingenious  author  has  made  experiments  on  the  Elafticity  of  bo- 
elaflicity  of  different  fubfiances,  by  meafuring  the  depreflion  duS' 
of  the  middle  of  a  bar  fupported  at  its  extremities;  but  if  I 
am  not  much  miftaken,  his  inferences  from  them  are  by  no 
means  accurate.  Mr.  Leflie  gives  671625  feet  for  the  height 
of  a  column  of  deal  equivalent  to  its  elafticity  ;  the  true  height 
refulting  from  his  experiments,  taking  into  confideration  alfo 
the  inequality  of  curvature,  appears  to  me  to  be  4664000 
feet;  which  is  ftill  little  more  than  half  as  much  as  would  be 
inferred  from  the  experiments  of  Chladni  on  the  longitudinal 
founds  of  fir  wood.  There  muft  have  been  fome  inaccuracy 
in  Mr.  Leflie’s  experiments  on  fteel  differently  tempered  :  for 
it  appears  from  the  dire6t  experiments  of  Coulomb  on  the 
flexure  of  bars,  as  well  as  from  thofe  of  Chladni,  and  fome 
of  my  own,  upon  found,  that  the  ultimate  elafticity  of  fteel 
in  fmall  tenfions  is  the  fame,  whether  it  is  harder  or  fofter. 

This  may  appear  at  iirft  fight  paradoxical,  but  it  admits  of  a 
fufficient  explanation,  which,  together  with  many  other  illus¬ 
trations  of  various  parts  of  natural  philofophy,  will  probably 
before  long  be  laid  before  the  public. 

Your  very  obedient  fervant, 

. .  THOMAS  YOUNG, 

IVelbeck  Street,  Sep.  22,  1804, 
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INSTRUMENT  FOR.  COUNTING  THE  LIFTS  FROM  A  MINE. 

XI. 

Defcription  of  an  lnfirument  to  afcei'tain  the  Number  of  Lifts 

made  from  a  Mine,  in  any  given  Time.  By  Mr.  John 

Antis  *. 

SIR, 

5-  HAVE  lately  been  encouraged  by  fome  gentlemen  engaged 
in  fome  coal  mines  in  this  neighbourhood,  to  invent  a  machine, 
which  would  infallibly  tell  the  number  of  boxes  of  coals  drawn 
out  of  a  pit  in  the  courfe  of  a  week,  or  any  given  time.  I 
havejud  now  completed  a  model,  which  I  think  would  anfwer 
the  purpofe  extremely  well. 

Before,  however,  I  make  it  known,  I  thought  I  would 
inquire  of  you,  whether  fuch  an  invention  might  be  of  a  more 
extenfive  ufe,  and  as  fuch  would  deferve  the  attention  of  the 
Society. 

The  machine  is  very  fimple,  and  need  not  be  expenfive; 
its  properties  are  as  follow  : 

1 .  It  is  of  no  confequence  if  the  pit  be  ten,  twenty,  forty, 
or  more  yards  deep.  It  will,  notwithdanding  this  dilTerence, 
only  point  out  one  box  at  once;  and,  fuppodng  the  pit  to  be 
feveral  hundred  yards  deep,  the  principle  will  remain  the 
fame,  and  the  machine  could  be  eafily  adapted  for  it. 

2.  It  is  likewife  of  no  confequence  if  the  coals  be  drawn  up 
by  a  hand  windlals,  or  any  other  machine  turned  by  horfes  or 
other  powers. 

3.  No  account  is  necelfary  to  be  kept  for  a  whole  week,  or 
any  given  time,  as  the  machine  can  be  calculated  for  any 
quantity  of  coals  whatever,  that  can  bedrawn  up  in  a  given  time. 
Only  allowance  mud  be  made  for  the  number  of  perfons  that  go 
down  and  up  in  the  fame  way. 

I  have  not  yet  heard  of  any  contrivance  of  this  kind;  and 
therefore,  if  there  be  any  tuch,  it  is  unknown  to  me.  Who¬ 
ever  knows  the  fraud,  which  is  but  too  often  committed  bv 
bankfmen,  in  accounting  for  the  quantity  of  coals  procured 
from  a  pit,  will  readily  admit  the  utility  of  fuch  a  contrivance. 
And  it  may  mod  likely  alfo  be  ufeful  in  tin,  lead,  and  other 

#  From  the  Tranfa&ions  of  the  Society  of  Aats,  1803. 
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mines.  Should  the  Society  be  of  the  fame  opinion,  then  I  Inftrument  for 
will  fend  you  a  ftill  more  complete  model  than  at  prefent, 

Your  fpeedy  anfwer  will  very  much  oblige  mine* 

Your  moll  obedient  Servant, 

JOHN  ANTIS. 

Fulneck ,  March  6,  1802. 

Charles  Taylor,  Efq. 


SIR, 

I  herewith  fend  you  a  model  of  my  machine,  which  I 
have  before  mentioned  to  you,  for  pointing  out  any  number  of 
boxes  or  balkets  of  coals,  or  other  minerals,  which  are  drawn 
out  of  a  pit  in  any  given  time.  I  fhall  be  much  obliged  to 
you,  if  you  will  lay  it  before  the  Society  for  the  Encouragement 
of  Arts,  &c.  for  their  infpedlion,  and  fhall  be  glad  that  they 
find  it  of  public  utility. 

It  will  eafily  be  perceived,  that  by  enlarging  the  wheels 
and  multiplying  the  cogs  of  them,  the  number  of  yards  re¬ 
quired  for  the  depth  of  a  mine,  as  likewife  the  number  of  boxes 
which  are  wanted  to  be  pointed  out  may  be  carried  to  any 
extent. 

I  am  fo  little  acquainted  with  coal-pits,  or  any  other  mines, 
that  I  do  not  know  the  technical  terms  by  which  the  different 
parts  are  called,  nor  all  the  methods  now  ufed  to  draw  up  thofe 
materials ;  I  muff  therefore  beg  the  indulgence  of  the  Society, 
if  I  do  not  always  exprefs  myfelf  with  accuracy. 

By  inventing  this  machine,  I  aimed  at  afcertaining  the 
number  of  boxes,  my  ideas  refpe&ing  which  I  will  endeavour 
to  defcribe,  to  the  befl  of  my  abilities. 

Firft,  the  rope  muft  be  fo  long,  that  it  can  be  fattened  at  its 
middle  to  the  windlafs,  and  that  each  end  thereof  may  reach 
*  to  the  bottom  of  the  pit.  This  precaution  will  not  be  neceffary, 
if  it  can  be  prevented  by  any  other  means  from  fhifting  or 
Hiding,  which  I  leave  to  others,  more  acquainted  than  I  am 
with  the  prefent  practice,  to  effedh 
The  roller  A,  Plate  VII.  Fig .  1 ,  in  the  model,  with  the  endlefs 
fcrew,  reprefents  the  gudgeon  in  full  fize  of  a  hand  windlafs, 
fuch  as  are  ufed  in  this  neighbourhood,  particularly  where  the 
pits  are  of  confiderable  depth.  As  no  great  firefs  is  laid  upon 
this  fcrew,  it  may  be  made,  in  order  to  fave  labour,  of  brafs, 

I  2  and 
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fuppofe  the  windlafs  to  be  one  yard  in  circumference  ;  and 

mine,  conlequently  forty  revolutions  of  the  windlafs  are  required 

before  the  firtt  wheel  B,  upon  which  the  brafs  catch  C  is  fixed, 
turns  once  round.  The  pit,  therefore,  may  be  only  ten  yards, 
or  from  feventy  to  feventy-five  yards  deep,  yet  it  will  make  no 
difference.  All  that  is  required  to  regulate  the  machine  to  the 
depth  of  the  pit,  is  as  follows: — If  the  pit  be  little  more  or 
lefs  than  ten  yards,  the  firtt  wheel  mutt  be  fo  placed  in  the  end- 
lefs  ferew,  that  the  brafs  catch  C  may  be  at  the  beginning,  but 
juft  efcaped  from  the  cogs  of  the  fecond  wheel  D.  It  will 
then  only  want  five  or  fix  revolutions  of  the  windlafs  backv\  ards, 
before  the  faid  catch  is  ready  to  operate  again.  But  fuppofing 
the  pit  to  be  feventy  yards  deep,  in  this  cafe,  the  catch  C 
mutt  be  placed  fo  as  nearly  to  be  ready  to  a6l.  By  turning 
backwards,  the  wheel  may  very  nearly  make  two  revolutions; 
and  as  it  can  be  ft  ill  turned  as  far  the  other  way,  the  catch  will 
only  a<5i  once,  provided  the  faid  wheel  does  not  quite  make 
two  revolutions. 

The  model  is  about  the  fize  required  for  a  common  hand 
windlafs.  The  index  will  at  once  (how  how  many  times  fifty 
boxes,  and  how  many  above  and  below  that  number,  have  been 
drawn  up:  not  one  of  them  can  efcape.  Allowance,  however, 
mutt  be  made  for  the  number  of  perfons  who  go  up  and  dow'n 
in  the  fame  wrny.  Befides  this,  fince  one  box  is  always  coming 
up,  wrhi!ft  the  other  is  going  down,  the  numbers  pointed  at 
mutt  be  doubled,  except  a  perfon  was  defirous  to  have  a  ma¬ 
chine  a6ting  both  ways,  which  would  hardly  be  worth  while. 
As  the  machine  is  at  prefent,  though  it  points  out  a  thoufand 
boxes  only,  yet  it  will  ferve  for  two  thoufand. 

The  fame  mechanifm,  with  very  little  variation,  may  be 
fixed  to  a  horfe  machine,  called  a  gin,  in  this  neighbourhood  ; 
viz.  as  a  gin  may  be  ten  yards  or  more  in  circumference,  the 
aftion  would  be  too  (low,  if  moved  by  an  cndlefs  ferew  ;  a 
pinion,  with  four  leaves,  will  be  found  much  more  convenient. 
This  pinion  is  fixed  to  the  end  of  the  upper  gudgeon,  w  hich  en¬ 
ters  the  box  containing  the  machinery.  As  fome  accuracy  is 
required  to  make  fuch  a  pinion  work  well,  and  (hefe  machines 
are  often  coarfely  confirufled,  it  will  be  necelfary  only  to  make 
about  one  inch  and  a  half  of  the  end  of  the  faid  gudgeon  ex- 
attly  round,  namely,  that  part  of  it  which  goes  through  the 

bottom 
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bottom  of  the  box,  and  then  fatten  the  latter  fo,  that  it  can  Inftrument  for 

give  way  to  any  remaining  inaccuracy  of  the  other  parts 

the  gudgeon.  ,  mine. 

I  have  fent  a  drawing  *  of  fuch  a  machine,  which  will  be 
eafily  underHood,  fince  the  principle  is  the  fame  as  in  the 
model.  But  as  gins  are  commonly  made  ule  of  in  deep  mines, 

I  have  made  it  upon  a  larger  fcale  ;  viz.  the  firft  w'heel  has 
fixty-four  cogs  ;  and  this,  with  a  pinion  of  four  leaves,  wall 
require  fixteen  revolutions  of  the  gin,  for  one  of  the  wheel. 

Allowing  ten  yards  for  the  circumference  of  the  gin,  it  will 
make  one  hundred  and  fixty  yards  of  rope  ;  and  confidering 
that  the  faid  wheel  can  nearly  make  two  revolutions,  and  that 
the  catch  will  Hill  act  only  once,  it  will  confequently  ferve 
for  a  pit  of  three  hundred  yards  deep,  as  well  as  for  one  of  ten 
or  twenty. 

In  this  machine,  the  three  wheels  are  placed  one  on  another, 
and  the  index  is  divided  ;  viz.  the  fifty  on  the  fecond,  and  the 
1000  on  the  third  wheel.  As  the  wheels  move,  the  two  hands 
are  Handing,  which  will  point  out  the  numbers  as  exactly  as 
thofe  in  the  model.  Indeed,  machines  for  hand  windlatfes 
may  be  made  in  the  very  fame  way,  and  thereby  be  more 
limple,  though  the  difference  is  but  fmall ;  viz.  the  box  would 
require  but  one  lid  and  lock,  and  the  two  fmaller  wheels  be¬ 
come  unneceffary. 

Though  in  fetting  the  machine  fo  as  to  begin  counting  with 
one,  it  may  eafily  be  effected  by  lifting  out  the  fpring,  and  then 
turning  the  wheel  with  the  other  hand,  till  both  hands  Hand 
upon  one,  yet,  in  the  double  index,  the  upper  hand  muH  only 
be  fet  thus  with  the  wheel,  and  the  lower  may  be  moved  round 
on  its  focket. 

In  my  humble  opinion,  my  machines  may  be  ufeful  in  two 
ways;  firH,  to  the  honeH  banksman,  as  they  will  fave  him 
the  trouble  of  noting  down  each  box  which  is  drawn  up,  and 
prevent  midakes;  fecondly,  in  the  prevention  of  fraud,  which 
will  be  their  greateH  and  mod  important  ufe.  To  obtain  this 
end,  it  is  neceffary  that  the  machine  be  fo  contrived,  that 
nothing  effentially  wanted  can  be  difengaged.  I  have  there¬ 
fore  made  the  model  fo  as  to  fruHrate  any  fuch  defign.  All  is 
within  the  box;  and  neither  the  endlefs  ferevv  can  be  difen- 

I 

*  This  drawing  is  in  the  Society’s  pofftffton. 
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gaged  from  the  wheel,  nor  the  fpring;  nor  can  the  number  on 
the  index  be  altered  without  fir fl  opening  the  box.  This  latter 
can  be  made  of  iron,  if  found  neceffary,  with  a  good  lock  to 
it ;  otherwife,  the  ttrefs  is  fo  very  little,  that  even  one  of  wood, 
made  in  all  rcfpe&slike  fhe  model,  would  anfwer,  if  it  could 
be  fecured  from  the  effects  of  the  weather.  In  the  machine 
likewife,  reprefented  by  the  drawing,  nothing  can  be  altered, 
except  the  box  be  firtt  opened.  This  machine  is  fattened  to 
the  beam  in  which  the  upper  gudgeon  turns.  To  effed  this,  the 
bottom  of  the  box  mutt  have  two  projecting  ends  with  holes  in 
them,  larger  than  necetfary  to  receive  a  ttrong  pin  or  rivet ; 
which'pins  mutt  have  large  heads,  fo  that  when  properly  driven 
or  riveted  in,  the  box  may  be  able  to  give  way  to  any  remain¬ 
ing  inaccuracy  in  the  lower  parts  of  the  gudgeon,  as  I  before 
obferved.  Thofe  machines  lor  hand  windlafles,  like  the  model, 
are  fixed  to  the  fide  of  the  pott  into  which  one  of  the  gudgeons 
turns ;  but  perhaps  thefe  might  likewife  be  contrived  fo,  that 
the  gudgeon  with  the  endlels  fcrevv  may  be  a  piece  by  itfelf, 
attached  only  to  the  windlafs  by  a  fquare,  or  otherwife,  as  is 
often  praCtifed  in  other  machineries,  fuch  as  cotton-mills,  &c. 

I  am.  Sir, 

Your  obedient  Servant, 

JOHN  ANTIS. 

Fulneck,  May  18,  1802. 

Charles  Taylor,  Efq. 

Eeference  to  the  Model  fent  by  Mr.  Antis  to  the  Society . 

Elate  VII.  Fig.  1.  A.  The  roller,  with  an  endlefs  (crew, 
to  be  the  fize  of  the  gudgeon  of  a  hand  windlafs. 

B.  The  firtt  wheel,  of  forty  teeth,  with  a  bmls  catch  C. 
It  may  be  moved  backwards  or  forwards  by  the  endlefs  fcrevv. 

D.  A  ratchet  wheel  with  fifty  teeth,  which,  when  the  wheel 
B  is  put  in  motion  one  w-ay,  the  catch  will  Hide  over  the  teeth 
of  it  ;  but,  on  turning  it  the  other  way,  the  catch  will  drop 
into  and  forward  this  wheel  one  tooth,  in  which  fituation  it  is 
prevented  from  returning  by  tiie  fpring  E,  placed  on  the  fide 
of  the  box  which  holds  a  tooth  on  the  fide  of  the  wheel. 

F.  A  fmall  pinion  of  four  teeth,  on  the  back  part  of  the 
axle  of  the  wheel  D.  This  pinion  moves  a  large  wheel  on  the 
other  fide  of  the  box. 
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H.  A  fmaller  wheel  of  fifty  teeth,  fixed  fafi:  on  the  faceofmine. 

the  wheel  G  ;  which  wheel  H  works  a  wheel  I,  of  the  fame 
number  of  teeth,  fiiown  by  dotted  lines  behind  the  figured 
dial-plate. 

K.  The  fhort  hand,  or  finger  of  the  dial,  is  placed  upon  an 
arbor  or  collar  of  this  wheel  I,  and  moves  with  it. 

The  long  finger,  or  hand  of  the  dial-plate,  goes  upon  a 
fquare  on  the  end  of  the  fpindle  on  which  the  above  arbor 
moves ;  which  fpindle  moves  forward  this  long  finger  one 
divifion  in  fifty  of  the  outer  circle  marked  on  the  dial-plate, 
every  time  the  rope,  or  any  thing  attached  to  it,  has  been 
down  to  the  bottom  of  the  mine,  and  returned  to  the  top. 

The  inner  circle  of  the  face  of  the  dial  is  marked  in  divi- 
fions  of  fifty  each.  When  therefore  fifty  draughts  up  and 
down  have  been  made  from  the  mine,  the  fhorter  hand  will 
be  found,  if  both  hands  were  originally  fet  correctly  at  the 
top,  to  have  moved  to  the  firfi:  interior  divifion  marked  50; 
and  fo  on,  in  proportion,  will  advance  as  more  draughts  are 
made. 

K,  Is  a  board  placed  under  the  wheels  B  D,  in  Fig.  1,  and 
which  feparates  them  from  the  other  wheel-work  in  Fig.  2, 
where  only  a  few  teeth  of  the  wheel  B  appear  behind  it. 

L  L,  Show  the  temporary  handles  in  both  figures ;  and 
the  pofition  of  thofe  letters  denote  that  the  gudgeon  of  the 
w'indlafs,  when  the  machine  is  in  a6tual  ufe,  fliould  be  there 
joined  to,  or  make  a  part  of  the  roller  A. 

Fig.  3,  Shows,  on  an  enlarged  fcale,  the  form  of  the  catch 
C.  The  fieel  fpring  M  preffing  againfi:  the  pin  N,  returns 
the  catch  to  the  tooth  of  the  wheel  D,  when  it  has  been  forced 
back  ;  and  a  pin  fixed  underneath  the  catch  moves  in  a  groove 
O,  made  in  the  wheel  B,  to  prevent  the  catch  being  prefifed 
too  far  back,  or  thrown  out  improperly  by  the  fpring. 

A  door  is  fixed  on  each  fide  the  box,  and  fliould  be  locked, 
to  prevent  the  hands  being  altered  unknowingly. 

The  drawing  of  a  machine  for  fimilar  purpofes,  intended 
to  be  ufed  with  a  gin  or  horfe-wheel,  alluded  to  in  Mr.  Antis’s 
letter,  is  in  the  Society’s  pofieflion,  if  a  reference  thereto  be 
thought  neceflary. 


On 


120 


pN  GALVANISM# 


XII. 


On  Galvanifm .  In  a  Letter  from  Ra.  Thicknesse,  Efq. 
To  Mr.  NICHOLSON. 


On  the  caufes 
which  retard 
difeovery. 


Argument  or 
inference  that 
water  is  com- 
pofed  of  oxigen, 
hidrogen,  and 
electricity. 


SIR,  Wigan,  Sept.  20,  1804. 

Although  the  production  of  the  eleCtric  fluid  by  the 
galvanic  pile  has  never  yet  been  fatisfaClorily  accounted  for, 
it  appears  to  me  fomewhat  eafy  to  be  explained,  from  a  con- 
Adoration  of  the  principles  of  chemiftFy.  This,  I  am  aware, 
is  a  very  bold  opinion  from  a  man  who  is  a  mere  dabbler  in 
philofophy ;  but  as  it  mutt  be  allowed  that  the  ableft  philofo- 
phical  inquirers  and  experimentalifts  have  been  guilty  of  ex¬ 
traordinary  overfights,  I  truft  my  preemption  is  excufable. 
When  an  ardent  mind  has  once  entered  a  wrong  path  in  pur- 
fait  of  knowledge,  it  is  too  intent  upon  the  objects  before  it 
to  turn  afide,  and  too  anxious  to  proceed  to  be  induced  to 
look  back.  Thus  chemifts  fifty  years  ago  thought  they  ob¬ 
tained  earth  from  water,  becaufe  they  omitted  to  weigh  the 
veflels  in  which  they  made  their  experiments;  and  thus,  per¬ 
haps,  the  profeflors  of  galvanifm  at  the  prefent  day,  being  of 
opinion,  as  I  believe  they  all  are,  that  the  ele&ric  fluid  pro¬ 
ceeds  from  the  metals,  devote  little  of  their  attention  to  the 
fluid  employed  in  the  pile,  confidering  it  almoft  as  a  mere 
conductor.  Nothing  can  be  more  obvious  to  a  chemitt  now 
than  the  neceflity  of  weighing  the  matter  he  fubjects  to  expe¬ 
riment,  and  alfo  the  produCt;  yet  the  difeovery  alone  of  this 
neceflity  overturned  the  opinions,  and  falfified  the  wifdom, 
of  all  the  previous  cultivators  of  the  fcience,  and  led  to  the 
modern  theory  of  chemiflry  and  its  improvements;  an  omiflion 
how  trifling  in  itfelf  to  keep  men  (philofophers  too)  poking 
in  the  dark  for  ages  ! 

Water,  we  are  told,  is  compofed  of  certain  parts  of  oxigen 
and  hidrogen  ;  but,  as  to  form  thefe  bodies,  from  a  flate  of 
gas  at  leafi,  into  water,  it  is  neceflary  to  pafs  an  ele&ric 
fpark  through,  or  rather  into  them  (no  matter  whether  the 
procefs  of  formation  be  combufiion  or  not),  and  as  water  ow’es 
its  fluidity  to  heat,  the  matter  of  heat  and  the  ele&ric  fluid 
being  probably  the  fame,  or  modifications  of  the  fame  body, 
I  think  it  reafonable  to  aflume  that  water  is  compofed  of 
oxigen,  hydrogen,  and  the  eltftric  fluid. 


The 
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The  experiments  by  which  M.  Volta  and  others  have  en-  Decompofition 

deavoured  to  fhew  that  piles  compofed  of  metals  only  afford  ^Ulds  ,n  g*1- 
,  .  .  r  ,  .  r  .  .  .  vanifm  afcribeis 

the  galvanic  fluid,  are  fo  little  demonftrative  ot  it,  that  they  not  tothe  adtioa 

feem  to  me  equally  illuftrative  of  the  contrary  ;  and  I  believe  of  eledlricity, 
that  all  galvanic  piles  muff,  with  the  intervention  of  fluids,  be  aftVityf** 
compofed  of  two  metals,  or  other  fubjlances,  which  have  an 
affinity,  the  one  for  oxigen  and  the  other  for  hidrogen ;  for 
water  and  other  fluids  made  ufe  of  in  galvanic  piles,  are  de- 
compofed ;  and  not,  I  conceive,  as  hath  generally  been  ima¬ 
gined,  by  the  electricity  of  the  metals ;  but  by  the  a6fion  of 
affinities.  For  inflance,  in  a  pile  formed  with  zinc,  copper, 
and  water,  the  oxigen  and  hidrogen  of  the  water  having  a 
flronger  affinity  for  the  zinc  and  copper  (the  oxigen  for  the 
zinc  and  the  hidrogen  for  the  copper)  than  for  each  other, 
unite  with  them,  the  water  being  confequently  decompofed, 
and  the  electric  or  galvanic  fluid,  which  was  contained  in  it, 
confequently  fet  at  liberty. 

In  fupport  of  this  theory  I  may  alledge  as  fa£ts,  that  the  firfl  Fuller  explans*, 
fhock  from  a  galvanic  pile  is  generally  the  ffrongeff,  when  ^ 

the  energy  of  the  affinities  is  the  greateft ;  that  for  a  repeti¬ 
tion  fome  interval  of  time  is  requiflte,  whilfl  the  decompofi¬ 
tion  is  taking  place;  that  the  metals  in  the  pile  act,  not  ac¬ 
cording  to  their  quantities,  but  according  to  their  furfaces — 
the  greater  thefe  are,  the  greater  being  the  quantity  of  water 
a6ied  upon ;  that  the  zinc  is  always  oxidated,  and  the  copper 
(or  filver)  always  a6ted  upon  by  the  hidrogen,  being  rendered 
more  brittle,  &c.  ;  that  any  alteration  in  the  arrangement  of 
the  pile,  which  brings  two  pieces  of  the  fame  metal  to  the  fame 
firatum  of  water,  inffead  of  one  piece  of  each  metal  (one  to 
act  on  the  oxigen  and  the  other  on  the  hidrogen),  interrupts 
the  procefs,  and,  no  decompofition  taking  place,  there  is  no 
electric  fluid  produced  ;  and  it  may  alfo  be  added,  that  this 
laft  is  a  fa<5t  which  cannot  otherwife  be  accounted  for. 

I  am  not  ignorant  that  a  ftream  of  the  galvanic  fluid  from  Objection,  thaj; 

the  pile,  paffed  through  water,  decompofes  it;  but  it  is  no  the  galvanic 
f.  1  •  c  ,  •  n  •  .  i  ftream  decom- 

proof,  I  prefume,  that  water  contains  none  ot  this  fluid,  be- p0fes  water, 

caufe  it  is  decompofed  by  a  greater  quantity  than  will  chemi-  anfwered. 
cally  mix  with  it.  If  we  pour  a  fmall  quantity  of  water  im¬ 
pregnated  w'ith  carbonic  acid  gas  into  lime-water,  the  lime  is 
precipitated,  or  compofed,  the  lime-water  becoming  turbid ; 

but 
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but  if  we  add  a  further  quantity,  the  lime  is  again  decom- 
pofed,  and  the  lime-water  becomes  again  perfectly  clear. 

I  am.  Sir, 

Your  moll  obedient  fervant, 

RA.  THICKNESSE. 


XIII. 

Defcription  of  an  Injlrument  for  drawing  in  true  Perfpe Stive 
from  Nature ,  and  of  another  of  conjideralle  Simplicity  and 
Cheapncfs  for  delineating  Ovals.  In  a  Letter  from  a  Carre - 
fpondenty  R.  B. 


Introduction. 


Inftrument  for 
drawing  in  per- 
fpedtive. 


To  Mr.  NICHOLSON". 

SIR, 

As  I  obferve  that  you  are  willing,  in  your  capacity  of  Jour¬ 
nal'll,  to  lay  before  the  public  any  lketch  or  outline  of  inven¬ 
tion  that  may  promife  to  be  ufeiul,  whether  in  its  ultimate 
fate  of  improvement  or  not,  I  am  encouraged  now  and  then 
to  fend  my  thoughts,  queries,  obfervations,  or  news,  as  they 
may  occur.  The  following  inftruments  are  offered  to  your 
notice,  in  hopes  they  may  appear  in  your  excellent  col- 
legion. 

Fig.  1,  Plate  VIII.  is  a  lketch  of  an  inffrument  for  per- 
fpective,  made  foine  years  ago  by  Dolland,  and  of  which  I 
know  not  the  inventor.  A  telefcope  or  camera  is  fulpended 
vertically  on  a  frame  by  an  univerfal  joint  or  jimbals.  Hori¬ 
zontal  rays  A,  are  direfted  down  the  tube  by  a  plane  mirror 
B,  and  are  again  rendered  horizontal,  and  turned  to  the  eye 
through  a  fide  hole  in  the  tube,  by  another  mirror  C.  At  the 
lower  end  is  a  pencil  E  Hiding  in  a  well-fitted  tocket,  and 
prefled  gently  downwards  by  a  weight  or  fpring  ;  or  ltill  better, 
by  the  hand  only.  The  refult  or  ufe  is,  that  while  the  images 
are  in  fuccefiion  brought  into  apparent  contact  with  a  point 
in  the  field  ol  view,  the  pencil  may  be  employed  in  tracing 
them  in  true  perfpefUve  upon  the  table  beneath 


*  There  is  an  omifTion  of  the  grey  or  rough  glafs,  if  the  drawing 
he  meant  for  a  camera  5  or  of  the  eye-piece,  if  it  be  a  telelcope. 
The  fir  ft  focal  convergence  mull  be  made  in  thefe,  and  not  at  the 
eye. — N. 
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Fig.  2  represents  a  fimple  rule  and  firing  for  drawing  ovals  Inftrument  for 
on  paper.  A  C  B  is  a  filken  thread,  fixed  at  A,  and  capable  dravving  ova's* 
of  being  lengthened,  fhortened,  and  fixed  by  a  fcrew  B  at  the 
other  end.  This  fcrew  B  can  be  placed,  by  a  longitudinal 
groove  in  the  ruler,  at  any  diftance  from  A,  and  can  be  made 
to  pinch  the  thread  upon  any  one  of  the  divifions  of  the  rule.  ' 

At  C  is  a  pencil  to  be  moved  in  the  bend  of  the  thread.  It 
muft  be  held  upright,  and  it  would  be  eafy  to  contrive  means 
of  keeping  it  fo ;  but  it  does  not  feem  an  objedt  of  fufficient 
necefiity  to  add  to  the  price  of  the  infirument. 

In  the  ufe,  fet  A  at  one  focus  of  the  intended  oval  and  B 
at  the  other.  Allow  the  firing  to  extend  till  the  pencil  marks 
the  extremity  of  the  conjugate  diameter.  Draw  the  femi-oval 
by  moving  the  pencil  along  in  the  ftretched  thread:  Then 
reverie  the  points  A  and  B,  placing  them  refpe£tively  on  the 
foci  occupied  before  by  eaeh  other.  Draw  the  other  femi- 
oval,  which  completes  the  figure. 

I  am,  Sir, 

Your  obliged  correfpondent, 

R.  B. 


XIV. 

On  the  Computation  of  Tables  of  Squares  and  Cubes .  In  a  Letter 

from  H.  G. 


To  Mr.  NICHOLSON. 


SIR, 


Sept.  8,  1804. 


As  I  can  employ  my  time  in  a  more  ufeful,  pleafant,  and  Introdu&ion. 
advantageous  way  than  by  making  tables  of  any  kihd,  I  have 
no  defire  on  my  own  account  to  trouble  your  readers  with  the 
following  remarks,  and  (hall  therefore  leave  it  entirely  to  your 
choice  to  notice  them  or  not  in  your  Journal. 

I  am.  Sir, 

Your  humble  fervant, 

H.  G. 


YOUR  correfpondent  E.  O.  in  his  note,  p.  79  of  your  On  the  compu 
Journal  for  this  month,  has  very  properly  pointed  out  an  error  °fctablej[ 

m  cubes. 


m 

On  the  compu¬ 
tation  of  tables 
of  fquares  and 

tubes. 
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in  the  rule  laid  down  by  me  in  p.  150  of  your  Journal  for  July 
lad,  which  will  be  corrected  by  fubdituting  the  word  given 
for  the  word  next. 

But  he  does  not  feem  to  be  aware  that  the  rule  I  propofed 
for  finding  the  fquares  of  roots  in  an  arithmetical  progrefiion 
of  thofe  roots,  is  precifely  the  fame  as  that  he  has  ufed  and 
elucidated  in  pages  5  and  6  of  your  Journal  for  this  month. 

Neither  has  he  made  me  a  convert  to  his  do&rine,  that  ad¬ 
dition  thould  be  ufed  in  preference  to  fubtradiion  ;  for  the  one 
appears  to  me  as  eafy  an  operation  as  the  other,  for  all  the 
purpofes  to  which  it  is  applied  in  the  conftru&ion  of  the  tables 
in  queftion. 

With  refpedt  to  the  conftruclion  of  the  table  of  cubes,  I 
will  barely  ftate  my  method  of  computing  the  cubes  of  the 
fame  roots  E.  O.  has  calculated,  in  pages  8  and  9  of  your 
Journal  for  this  month,  and  will  leave  it  to  thofe  who  may  be 
inclinable  to  enter  on  the  invefiigation,  to  determine  which 
method  will  be  mod  advantageoudy  pradtifed,  his  or  mire, 
only  observing,  that  E.  O.  has  a  continual  repetition  of  the 
fird  differences,  which  I  have  entirely  avoided  without  adding 
any  figures,  in  other  refpedts,  to  thofe  he  has  ufed. 

I  dill  think  my  method  of  computing  the  table  of  cubes  is 
not  more  liable  to  inaccuracy  than  that  E.  O.  has  adopted  ;  but 
in  order  to  avoid  almod  the  poffibility  of  error  in  my  computa¬ 
tion,  and  at  the  fame  time  to  add  to,  examine,  and  corredf 
Mr.  Councer's  table,  I  would  place  the  cubes  of  half  the  given 
roots  x  8.  at  fuch  didances  under  each  other,  as  would  en¬ 
able  me  to  interpolate  my  calculations  of  the  cubes  of  twice 
thofe  roots,  as  it  is  done  in  the  left  hand  part  of  the  following 
elucidation;  and  then  it  is  evident,  every  other  cube  obtained 
by  the  calculation  mud  be  the  fame  as  that  obtained  from  the 
table;  and  thus  a  proof  of  the  accuracy  of  Mr.  Councer’s 
table,  and  of  the  continuation  of  it,  would  go  hand  in  hand. 
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Previous  re¬ 
marks. 


XV. 

Letter  to  the  Editor  from  Mr.  William  Henry,  in  reply  to 

Mr.  Gough. 

Manchcjlcr ,  September  13,  180  k. 

SIR, 

No-  THING  was  farther  from  my  intention,  when  I  com¬ 
municated  to  you  the  **  Illuftrations  of  Mr.  Dalton’s  Theory 
of  Mixed  Gales,”  than  to  enter  into  controverfy  refpe&ing  a 
do6trine,  to  the  defence  of  which  I  may  naturally  be  fuppofed 
to  be  much  lefs  competent  than  its  author.  Yet  it  is  certainly 
required  of  me,  both  by  the  refpe<5tful  attention  due  to  your 
correfpondent  Mr.  Gough,  and  to  others  of  your  readers, 
either. to  explain  and  fupport,  or  to  reLinquilli,  if  erroneous, 
the  opinions  refpe&ing  which  I  have  publicly  expreffed  a  coin¬ 
cidence  with  Mr.  Dalton.  The  lafl  alternative  Ido  not,  at 
prefent,  feel  difpofed  to  adopt,  becaufe  I  am  far  from  being 
convinced  by  Mr.G.’s  reafoning;  and  in  the  explanation,  which 
I  am  about  to  offer,  I  fliall  confine  myfelf  to  thofe  proofs  of 
the  new  theory  of  mixed  gafes,  which  are  furniflied  by  my 
own  experiments;  leaving  to  Mr.  Dalton  the  more  important 
office  of  eftablifhing  its  fundamental  evidences. 

The  quantity  of  It  is  by  no  means  clear  to  me,  whether  or  not  Mr.  Gough 

gas  abforbed  denies  the  principle,  “  that  the  relation  between  gales  and 
focin£[  as  the  •  * 

pre flare,  the  h ft  water  is  altogether  a  mechanical  one.”*  To  me  this  appears 
is  taken  to  be  as  legitimate  an  inference,  as  can  poffibly  be  deduced  in  phy- 
lics;  for  the  quantity  of  every  gas,  abforbed  by  water,  follows 
exactly  the  ratio  of  the  prelfure:  And,  fince  it  is  a  ride  in  phi- 
lofophizing,  that  effects  of  the  fame  kind,  though  differing  in 
degree,  are  produced  by  the  fame  caufe,  it  is  perfectly  fafe  to 
conclude,  that  every,  even  the  minuted  portion  of  any  gas, 
ima  date  of  abforption  by  wrater,  is  retained  entirely  by  incum¬ 
bent  preffure.  There  is  no  occafion,  therefore,  to  call  in  the 
aid  of  the  law  of  chemical  affinity,  when  a  mechanical  law¬ 
fully  and  fatisfa6torily  explains  the  appearances.  And  when 
the  effect  ceafes,  it  is  equally  conformable  to  jult  reafoning  to 
infer,  that  this  happens,  in  every  cafe,  folely  in  confequence 

*  Certain  acid  gafes,  the  muriatic  for  inftance,  are  obvioufiy  ex¬ 
cluded. 


th*;  caufe, 
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of  the  relaxation  or  removal  of  that  mechanical  power,  which 
held  the  gas  in  its  fituation.  Under  all  circumftances,  there¬ 
fore,  when  a  gasefcapes  from  water,  whether  by  placing  the 
aqueous  mixture  under  an  exhaufted  receiver,  or  in  an  atmof- 
phere  of  a  different  gas,  the  caufe  operating  its  efcape,  mu  ft 
be  one  and  identical,  viz.  the  diminution  of  mechanical  pref- 
fure.  Before  we  account  for  anv  effect  by  comparifon  of  af¬ 
finities,  the  affinities  themfelves  fliould  be  proved  to  exift. 

But  with  refped  to  the  relation  of  gafes  to  water,  the  proof 
fails  in  every  inftance ;  for  how  can  that  effect  be  fairly  afcribed 
to  chemical  affinity  which  is  deftroyed,  as  is  the  connexion  of 
every  gas  with  water,  by  an  unmixed  mechanical  caufe;  and 
is  it  not  abfurd  to  compare  powers  which  have  no  exiftence  in 
nature? 

Admitting  then  the  connection  between  gafes  and  water  to  —and  the  pref- 
be  entirely  dependent  on  phyfical  preffiure,  there  naturally  other  gas  than 
arilesout  of  this  law  an  explanation  of  the  curious  fad,  which  that abforbed. 

I  have  afcertained,  that  each  gas,  wrhen  abforbed  by  water,  is 
retained  in  its  place  by  an  atmofphere  of  no  other  gas  but  of 
its  own  kind.  Under  any  other  atmofphere,  the  abforbed  gas 
efcapes,  even  without  agitation,  though  this  certainly  acce¬ 
lerates  the  event.  Now  the  fubaqueous  gas  can  only  accom- 
pliffi  its  change  of  place  by  virtue  of  fome  adive  principle  or 
power  inherent  in  it,  and  eaufing  its  movement;  and  this 
power  is  its  elafticity,  which  is  not  counteraded  by  that  of  an 
incumbent  gas  of  a  different  fort.  The  fad  affords,  therefore, 
fomething  further  than  “  probability,”  that  the  particles  of 
gafes  prefs  only  on  thofe  of  their  own  kind;  for  to  fay  that  the 
elafticity  of  the  fubaqueous  gas  is  not  counteraded  by  any  in¬ 
cumbent  one  of  a  different  fort,  is  to  affert  in  other  terms,  that 
the  one  is  not  preffed  by  the  other, — the  principle  which  I  am 
folicitous  to  eftabliffi. 

The  above  remarks  are  the  only  ones  which  I  deem  it  within  The  theory  is  an 
my  province  to  urge  in  reply  to  Mr.  Gough.  Before  doling  fafts^'capaWe1 
this  letter,  however,  I  muft  exculpate  myfelf  from  the  charge  °f  mathematical 
of  attempting  to  uphold  a  mechanical  theory,  by  probabilities  fo^nT^Ton  ob* 
drawn  from  chemical  fads.  This  ftatement  is  not  corred;  the  fervation. 
fa6ts  which  I  have  alledged  are  purely  ilatical,  and  my  objed 
has  been  to  prove  that  they  were  before  erroneoufly  included 
under  the  laws  of  chemical  affinity,  with  which,  in  reality 
they  have  no  connedion.  Thefe  mechanical  phenomena,  1 

have 
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have  brought  in  fupport  of  the  general  principle  ft  that  the 
particles  of  gafes  prefs  only  on  thofe  ot  their  own  kind;”  and 
in  fo  applying  them,  I  truft  I  have  conformed  to  the  rigorous 
laws  of  philofophical  indudtion.  Such  general  principles  are 
not  uncommon  in  natural  fcience;  and  though,  like  the  law  of 
gravitation  and  fome  other  lefs  comprehenfive  ones,  they  may 
be  mathematically  purfued  and  inveftigated,  yet  they  are  not 
derived  from  mathematical  reafoning,  but  from  a  method  of 
enquiry  which  Newton  himfelf  did  not  difdain  to  employ,— 
that  of  indufhon  on  the  bafisof  experiment  and  obfervation. 
The  fpeculations  of  Mr.  Dalton,  being  founded  on  wellafcer- 
tained  fads,  appear  therefore  to  me  to  be  fairly  entitled  to  the 
appellation  of  theory ,  and  not  to  be  included  within  the  defi¬ 
nition  of  hypothefis ,*  handed  down  to  us  from  the  father  of  ex¬ 
perimental  philofophy.  I  remain,  very  truly.  Sir, 

Your's,  &c. 

WILLIAM  HENRY. 


XVI. 


Defcription  of  a  very  fimple  and  cheap  Contrivance  for  making 
Port  Folios  of  large  Dimenfons.  By  the  late  James  M Al¬ 
ton,  Efq.  f 
SIR, 


Method  of  con- 
ftru&ing  large 
post  folios. 


As  I  well  know  the  great  inconvenience  experienced  by 
artifis  and  colle&ors  of  prints  and  drawings,  from  the  want 
of  portfolios  of  dimenfions  capable  of  incloling  large  fubjefts, 
and  as  I  alfo  well  know  that  the  means  ufed  by  the  Society  for 
the  Encouragement  of  Arts,  &c.  to  promulgate  knowledge 
and  ufeful  information  are  earned:  as  they  are  extenfive,  I  ana 
induced  to  lay  before  that  body  a  port-foiioof  my  conftrudtion, 
which  I  perfuade  myfelf  poflefies  every  advantage  that  can  be 
wifhed. 

The  difficulty,  or  rather  the  impoffibility  of  obtaining  cafes  or 
port-folios,  as  large  as  are  fometimes  requifite,  has  given  rife 
to  many  expenfive  contrivances,  to  the  fame  end;  or  large 


*  “  Quicquid  ex  phaenomenis  non  deducitur,  hypothejit  vocanda 
eft.”  Princ.  L1II.  in  Bruckeri  Hift,  Crit.  Phil.  Tom.  IV.  p.  646. 

+  Society  of  Arts,  1803, 

prints. 
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prints,  Szc.  mud  be  kept  in  rolls,  to  their  almoft  certain  de-  Method  of  con¬ 
traction,  by  frequency  of  rolling;  or  at  lead  they  are  thus port-fblios^ ' 
expofed  to  the  danger  of  being  crudied  by  accident.  Milled 
pafieboards,  of  which  port-folios  are  made,  are  not  manufac¬ 
tured  above  a  certain  moderate  tize:  to  exceed  that  fize  in  a 
port-folio,  is  an  undertaking  of  no  inconfiderable  trouble,  in 
parting,  glueing,  and  prefling  them  together.  On  inquiring 
of  Mr.  Newman,  of  Soho-fquare,  (a  manufadturer  of  thefe 
articles)  how  lie  managed  to  make  port-folios  above  the  ordi¬ 
nary  dimenfions,  he  informed  me,  it  was  an  undertaking  of 
trouble,  and  related  his  having  made  one  for  a  gentleman,  by 
attaching  flxteen  of  the  largert  milled  boards  together;  that 
the  materials  alone  cod  five  guineas;  and  that  its  weight  was 
greater  than  one  man  could  lift. 

My  method  of  confirmation  obviates  all  difadvantages — - 
weight,  expence,  and  trouble;  and  port  folios  of  any  dimen¬ 
fions  may  very  readily  be  manufadtured  by  the  fimple  appli¬ 
cation  of  two  draining-frames,  covered  on  both  fides  with 
canvas,  and  papered;  and  connedted,  as  all  port-folios  are,  by 
leather  at  the  back,  or  with  wrooden  backs,  the  ddes  being 
connedted  by  hinges.  Thus  a  port-folio  may  be  made  capable 
of  holding  the  larged  cartoons,  maps,  and  prints ;  and  poflefT- 
ing  another  great  advantage,  befides  that  of  not  bellying  or 
fwagging,  when  laid  againd  a  wall,  as  thofe  condrudted  of 
padeboard  do,  to  their  own  dedruction,  and  material  injury 
of  the  things  they  contain. 

A  frame  of  four  feet  by  three  will  be  drong  enough,  if  made 
of  deal.  The  diles  are  four  inches  wide  by  half  an  inch 
thick;  and  they  have  a  middle  upright  dile  of  the  fame  width, 
with  angle  pieces  at  the  corners,  as  is  fhown  in  the  engraving. 

Fig.  1.  A  frame  of  much  greater  dimenfions  may  require 
two  middle  upright  diles;  and,  if  very  large,  a  middle longU 
tudinal  dile,  as  is  fhown  in  the  engraving.  Fig.  2. 

If  the  frames  are  made  of  mahogany,  they  need  not  ex¬ 
ceed  3-I6ths  of  an  inch  in  thicknefs;  but,  of  whatever  wood 
they  are  made,  it  mud  be  well  fealoned,  or  they  will  warpe 
A  padlock  may  be  applied  to  fuch  cafes,  for  the  protection  of 
their  contents. 

On  this  conftrudtion  I  have  made  two  port-folios,  one  of 
which  I  have  had  in  ufe  thefe  ten  years.  A  handfome  one, 
of  tolerably  large  dimenfions,  I  have  fent  with  this  paper,  for 
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Method  of  con- the  infpe&ion  of  the  Society.  The  outer  diles  of  it  are  of 
po'VforfoSlar8C  mahogany,  which,  beaded,  forms  the  out  edge  in  a  neat  man¬ 
ner.  Its  fimple  formation,  its  lightnefs,  and  its  firm  flatnefs, 
mud  be  obvious  to  every  one;  and  I  am  of  opinion  the  Society 
will  obtain  the  thanks  of  all  collectors  and  artifts  (if  they  think 
it  worthy  of  infertion  in  the  Volume  of  their  TranfaCtions)  by 
making  this  fimple  matter  publicly  known.  For  my  own  part, 
I  thall  be  highly  gratified  in  having  contributed  to  the  comfort 
of  artids  and  collectors,  in  preferving  their  valuable  refearches. 

Iam,  Sir, 

Your  obedient  Servant, 

JAMES  M ALTON. 

Xorton-Jlreet ,  June  25,  1802. 


Reference  to  the  Engraving,  Plate  VIII. 

Fig.  4.  One  of  the  {ides  of  the  frame  for  a  port-folio,  the 
dimenfions  four  feet  by  three:  it  may  be  made  of  deal  or  fir 
wood.  The  diles,  four  inches  wide  by  hair  an  inch  thick; 
the  middle  upright  dile  to  be  of  the  fame  width.  It  fhould 
have  angle  pieces  within  the  corners,  to  keep  them  firm. 

Fig.  3.  Shows  a  fide  of  another  frame,  where  much  larger 
dimenfions  are  required;  it  fhould  then  have  twro  upright  diles, 
and  a  middle  longitudinal  dile,  all  within  the  frame,  and  angle 
pieces  at  the  corners.  If  it  is  made  of  mahogany,  indead  of 
deal,  the  diles  may  be  reduced  nearly  one-fourth  in  breadth  and 
thicknefs;  the  wood,  in  either  cafe,  fhould  be  well  feafoned, 
that  it  may  not  be  liable  to  warp. 
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like  wife  the 
crefted  fringes 
of  Grimaldi. 


Experiments  and  Calculations  relative  to  Phyjical  Optics,  By 
Thomas  Young,  M.  D.  F.  R.  S.  From  the  Philofophical 
Tran factions  for  1804. 


(Concluded  from  p.  64.) 


Exper.  2.  1  HE  eroded  fringes  deferibed  by  the  ingenious 

and  accurate  Grimaldi,  afford  an  elegant  variation  of  the 
preceding  experiment,  and  an  intereding  example  of  a  calcu¬ 
lation  grounded  on  it.  When  a  fhadow  is  formed  by  an  ob¬ 
ject  which  has  a  rectangular  termination,  befides  the  uf'ual  ex¬ 
ternal 
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ternal  fringes,  there  are  Uvo  or  three  alternations'of  colours, 
beginning  from  the  line  which  bifedts  the  angle,  difpofed  on 
each  fide  of  it,  in  curves,  which  are  convex  towards  the  bi- 
fedfing  line,  and  which  converge  in  fome  degree  towards  it,  as 
they  become  more  remote  from  the  angular  point.  Thefe 
fringes  are  alfo  the  joint  effect  of  the  light  which  is  infledfed 
directly  towards  the  fhadow,  from  each  of  the  two  outlines  of 
the  object.  For,  if  a  fcreen  be  placed  within  a  few  inches  of 
the  objedf,  fo  as  to  receive  only  one  of  the  edges  of  the  fhadow, 
the  whole  of  the  fringes  difappear.  If,  on  the  contrary,  the 
redtangular  point  of  the  fcreen  be  oppofed  to  the  point  of  the 
fhadow,  fo  as  barely  to  receive  the  angle  of  the  fhadow  on 
its  extremity,  the  fringes  will  remain  undifturbed. 

II.  COMPARISON  OF  MEASURES,  DEDUCED  FROM  VARIOUS 

EXPERIMENTS. 

I 

If  we  now  proceed  to  examine  the  disnenfions  of  the  fringes,  Companion  of 
under  different  circumflances,  we  may  calculate  the  differences  niealuies‘ 
of  the  lengths  of  the  paths  defcribed  by  the  portions  of  light, 
which  have  thus  been  proved  to  be  concerned  in  producing 
thofe  fringes  ;  and  we  fhall  find,  that  where  the  lengths  are 
equal,  the  light  always  remains  white;  but  that,  where  either 
the  brighteff  light,  or  the  light  of  any  given  colour,  difappears 
and  reappears,  a  firff,  a  fecond,  ora  third  time,  the  differences 
of  the  lengths  of  the  paths  of  tiie  two  portions  are  in  arithme¬ 
tical  progreffion,  as  nearly  as  we  can  expedf  experiments  of  this 
kind  to  agree  with  each  other.  I  dial  1  compare,  in  this  point  of 
view,  the  meafures  deduced  from  feveral  experiments  of  New¬ 
ton,  and  from  fome  of  my  own. 

In  the  eighth  and  ninth  obfervations  of  the  third  book  of 
Newton’s  Optics,  fome  experiments  are  related,  which,  toge¬ 
ther  with  the  third  obfervation,  will  furnifh  us  with  the  data 
neceffary  for  the  calculation.  Two  knives  were  placed,  with 
their  edges  meeting  at  a  very  acute  angle,  in  a  beam  of  the  fun’s 
light,  admitted  through  a  fmall  aperture  ;  and  the  point  of  con- 
courfe  of  the  two  firff  dark  lines  bordering  the  fhadows  of  the 
refpedfive  knives,  wasobferved  at  variousdiflances.  Therefults 
of  fix  obfervations  are  exprefied  in  the  firff  three  lines  of  the 
firff  Table.  On  the  fuppofition  that  the  dark  line  is  produced 
by  the  firff  interference  of  the  light  refledfed  from  the  edges  of 
the  knives,  with  the  light  palling  in  a  ffraight  Line  between  them, 
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Companion  of  wc  may  aftign,  by  calculating  the  difference  of  the  two  paths, 
meafures.  (Jje  interval  for  the  firft  difappearance  of  the  brighteft  light,  as 
it  is  expreffed  in  the  fourth  line.  The  fecond  Table  contains  the 
refults  of  a  fimilar  calculation,  from  Newton's  obfervations  on 
the  fhadow  of  a  hair  ;  and  the  third,  from  fome  experiments 
of  my  own,  of  the  fame  nature:  the  fecond  bright  line  being 
fuppofed  to  correfpond  to  a  double  interval,  the  fecond  dark, 
line  to  a  triple  interval,  and  the  fucceeding  lines  to  depend  on 
a  continuation  of  the  progreflion:  The  unit  of  all  the  Tables 
is  an  inch. 


Table  I.  Obf  9.  N. 

Diftance  of  the  knives  from  the  aperture  -  -  -  101. 

Diftances  of  the  pa¬ 
per  from  the  knives  if,  3f,  8f,  32,  96,  131. 

Diftances  between 
the  edges  of  the 
knives,  oppofite 
to  the  point  of 

concourfe  -  .012,  .020,  .034-,  .057,  .081,  0S7. 

Interval  of  difappearance  .0000122,  .0000155,  -0000182,  .0000167,  .0000166,  .0000166. 


Table  II.  Obf,  3.  N. 

Breadth  of  the  hair  - 

Diftance  of  the  hair  from  the  aperture 

Diftances  of  the  fcale  from  the  aperture 

(Breadths  of  the  thadovv  - 

Breadth  between  the  fecond  pair  of  bright  lines 

Interval  of  difappearance,  or  halt  the  difference 
of  the  paths  - 

Breadth  between  the  third  pair  of  bright  lines 
Interval  of  difappearance,  £  of  the  difference 
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Table  III.  Exper.  3. 

Breadth  of  the  object  .  .431. 

Diftance  of  the  objedt  from  the  aperture  -  -  -  125. 

Diftance  of  the  wall  from  the  aperture  ...  250. 

Diftance  of  the  fecond  pair  of  dark  lines  from  each  other  1.167. 

Interval  of  difappearance,  *  of  the  difference  -  -  .0000149. 
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Exper.  4. 

breadth  of  the  wire  ,  ;083# 

Diftance  of  the  wire  from  the  aperture  *  32. 

Diftance  of  the  wall  from  the  aperture  -  250# 

(Breadth  of  the  fhadow  by  three 

meafurements  -  -  .815,  .826,  or  .827;  mean,  .823.) 

Di dance  of  the  firft  pair  of  dark 

lines  -  1.165,  1.170,  or  1.160;  mean,  1.165. 

Interval  of  difappearance  -  .0000194# 

Diftanceof  the  fecond  pair  of  dark 

lines  -  1.402,  1.395,  or  1.400;  mean,  1.399. 

Interval  of  difappearance  -  .0000137. 

Diftance  of  the  third  pair  of  dark 

lines  -  1.594,  1.580,  or  1.585;  mean,  1,586. 

Interval  of  difappearance  --  -  -  -  .0000128. 


It  appears,  from  five  of  the  fix  obfervations  of  the  firft  Table, 
in  which  the  diftance  of  the  fhadow  was  varied  from  about  3 
inches  to  1 1  feet,  and  the  breadth  of  the  fringes  was  increafed 
in  the  ratio  of  7  to  1,  that  the  difference  of  the  routes  confti- 
tuting  the  interval  of  difappearance,  varied  but  one-eleventh 
at  moft;  and  that,  in  three  out  of  the  five,  it  agreed  with  the 
mean,  either  exa&Iy,  or  within  part.  Hence  we  are  war¬ 
ranted  in  inferring,  that  the  interval  appropriate  to  theextinttion 
of  the  brighteft  light,  is  either  accurately  or  very  nearly 
conftant. 

But  it  may  be  inferred,  from  a  comparifon  of  all  the  other 
obfervations,  that  when  the  obliquity  of  the  reflection  is  very 
great,  fame  circumftance  takes  place,  which  caufes  the  interval 
thus  calculated  to  be  fomewhat  greater  :  thus,  in  the  eleventh 
line  of  the  third  Table,  it  comes  out  one-fixth  greater  than  the 
mean  of  the  five  already  mentioned.  On  the  other  hand,  the 
mean  of  two  of  Newton’s  experiments  and  one  of  mine,  is  a 
refult  about  one-fourth  lefs  than  the  former.  With  refpeft  to 
the  nature  of  this  circumftance,  I  cannot  at  prcfent  form  a  de¬ 
cided  opinion;  but  Iconje&ure  that  it  is  a  deviation  of  fome  of 
the  light  concerned,  from  the  rectilinear  direction  afligned  to  it, 
arifing  either  from  its  natural  diffraction,  by  which  the  mag¬ 
nitude  of  the  fhadow  is  alio  enlarged,  or  from  fome  other  un¬ 
known  caufe.  If  we  imagined  the  fhadow  of  the  wire,  and  the 
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Companion  of 
meafures. 

fringes  neareft  it,  to  be  fo  contracted  that  the  motion  ot  the 
light  bounding  the  fliadow  might  be  reCtilinear,  we  fhould  thus 
make  a  fufficient  compenfation  for  this  deviation  ;  but  it  is  dif¬ 
ficult  to  point  out  what  precife  traCt  of  the  light  would  caufe 

• 

it  to  require  this  correction. 

The  mean  of  the  three  experiments  which  appear  to  have 
been  lead  affeCted  by  this  unknown  deviation,  gives  .0000127 
for  the  interval  appropriate  to  the  difappearance  ot  the  brighteft 
light  ;  and  it  may  be  inferred,  that  if  they  had  been  wholly 
exempted  from  its  effects,  the  meafure  would  have  been  fome- 
what  fmaller.  Now  the  analogous  interval,  deduced  from  the 
experiments  of  Newton  on  thin  plates,  is  .00001 12,  which  is 
about  one-eighth  lefs  than  the  former  refult;  and  this  appears 
to  be  a  coincidence  fully  fufficient  to  authorife  us  to  attribute 
thefe  two  claffes  of  phenomena  to  the  fame  caufe.  It  is  very 
cafily  fliown,  with  refpeCt  to  the  colours  of  thin  plates,  that 
each  kind  of  light  difappears  and  reappears,  where  the  differ¬ 
ences  of  the  routes  of  two  of  its  portions  are  in  arithmetical 
progrethon ;  and  wre  have  feen,  that  the  fame  law  may  be  in 
general  inferred  from  the  phenomena  of  diffracted  light,  even 
independently  of  the  analogy. 

The  diftribution  of  the  colours  is  alto  fo  fimilar  in  both  cafes, 

% 

as  to  point  immediately  to  a  fimilarity  in  the  caufes.  In  the' 
thirteenth  obfervation  of  the  fecond  part  of  the  firft  book, 
Newton  relates,  that  the  interval  of  the  glaffes  where  the  rings 
appeared  in  red  light,  was  to  the  interval  where  they  appeared 
in  violet  light,  as  14  to  9  ;  and,  in  the  eleventh  obfervation  of 
the  third  book,  that  the  difiances  between  the  fringes,  under  the 
fame  circumflances,  were  the22d  and 27th  of  an  inch.  HeiTce, 
deducing  the  breadth  of  the  hair,  and  taking  the  fquares,  in 
order  to  find  the  relation  of  the  difference  of  the  routes,  we  have 
the  proportion  ot  14  to  9|,  which  fcarcely  differs  from  the  pro¬ 
portion  obferved  in  the  colours  of  tho  thin  plate. 

We  may  readily  determine,  from  this  general  principle,  the 
form  of  the  crefted  fringes  of  Grimaldi,  already  deferibed  ;  for 
it  will  appear  that,  under  the  circumflances  of  the  experiment 
related,  the  points  in  which  the  differences  of  the  lengths  of  the 
paths  deferibed  by  the  two  portions  of  light  are  equal  to  a  con*- 
ftant  quantity,  and  in  which,  therefore,  the  fame  kinds  of  light 
ought  to  appear  or  difappear,  are  always  found  in  equilateral 
hy  perbolas,  ot  which  the  axes  coincide  with  the  outlines  of  the 
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ftiadow,  and  the  afymptofes  nearly  with  the  diagonal  line. 
Such,  therefore,  mud  be  the  direction  of  the  fringes  ;  and 
this  conclufion  agrees  perfectly  with  the  obfervation.  But  it 
mutt  be  remarked,  that  the  parts  near  the  outlines  of  the  Sha¬ 
dow,  are  fo  much  fliaded  off,  as  to  render  the  character  of  the 
curve  fomewhat  lefs  decidedly  marked  where  it  approaches  to 
its  axis.  Thefe  fringes  have  a  flight  refemblance  to  the  hy¬ 
perbolic  fringes  obferved  by  Newton  ;  but  the  analogy  is  only 
diftant. 


III.  APPLICATION  TO  THE  SUPERNUMERARY  RAINBOWS. 

The  repetitions  of  colours  fometimes  obferved  within  the  Application  of 
common  rainbow,  and  defcribed  in  the  Philofophical  Tranfac-^e  do&nne  °f 
tions,  by  Dr.  Lang  with  and  Mr  Daval,  admit  alfo  a  very  eafy  0f  light  to  the 
and  complete  explanation  from  the  fame  principles.  Dr.  Pern-  fupernumerary 
berton  has  attempted  to  point  out  an  analogy  between  thefe  co- Lang^kh^nd 
lours  and  thofe  of  thin  plates;  but  the  irregular  reflection  Daval. 
from  the  pofterior  furface  of  the  drop,  to  which  alone  he  attri¬ 
butes  the  appearance,  muff  be  far  too  weak  to  produce  any 
vifible  effeCts.  In  order  to  underfland  the  phenomenon,  we  have 
only  to  attend  to  the  two  portions  of  light  which  are  exhibited 
in  the  common  diagrams  explanatory  of  the  rainbow,  regularly 
reflected  from  the  pofterior  furface  of  the  drop,  and  eroding 
each  other  in  various  directions,  till,  at  the  angle  of  the  great- 
ett  deviation,  they  coincide  with  each  other,  fo  as  to  produce, 
by  the  greater  in  ten  (ity  of  this  redoubled  light,  the  common 
rainbow  of  41  degrees.  Other  parts  of  thefe  two  portions 
will  quit  the  drop  in  directions  parallel  to  each  other;  and  thefe 
would  exhibit  a  continued  diffufion  of  fainter  light,  for  25° 
within  the  bright  termination  which  forms  the  rainbow,  but 
for  the  general  law  of  interference,  which,  as  in  other  fimilar 
cafes,  divides  the  light  into  concentric  rings;  the  magnitude 
of  thefe  rings  depending  on  that  of  the  drop,  according  to  the 
difference-  of  time  occupied  in  the  paffage  of  the  two  portions, 
which  thus  proceed  in  parallel  directions  to  the  fpeCtator's  eye, 
after  having  been  differently  refracted  and  reflected  within  the 
drop.  This  difference  varies  at  firtt,  nearly  as  the  fquare  of 
the  angular  diftance  from  the  primitive  rainbow :  and,  if  the 
firft  additional  red  be  at  the  diftance  of  2°  from  the  red  of  the 
rainbow,  fo  as  to  interfere  a  little  with  the  primitive  violet, 
the  fourth  additional  red  will  be  at  a  diftance  of  nearly  2Q 

more  ; 
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cf  light  to  the 
fupernumerary 
rainbows  of 
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more ;  and  the  intermediate  colours  will  occupy  a  fpace  nearly 
equal  to  the  original  rainbow.  In  order  to  produce  this  efteft, 
the  drops  mull  be  about  of  an  inch,  or  .013,  in  diameter : 
it  would  be  fufficient  if  they  were  between  a: id  -j%.  The 
reafon  that  fuch  fupernumerary  colours  are  not  often  feen, 
mud  be,  that  it  does  not  often  happen  that  drops  fo  nearly 
equal  are  found  together:  but,  that  this  may  fometimes 
happen,  is  not  in  itfelf  at  all  improbable ;  we  rneafure  even 
medicines  by  dropping  them  from  a  phial,  and  it  may  eafily 
be  conceived  that  the  drops  formed  by  natural  operations  may 
fometimes  be  as  uniform  as  any  that  can  be  produced  by  art. 
How  accurately  this  theory  coincides  with  the  observation, 
may  bed  be  determined  from  Dr.  Langwith’s  own  words. 

“  Auguft  the  2  id,  1722,  about  half  an  hour  pad  dve  in  the 
evening,  weather  temperate,  wind  at  north-ead,  the  appear- 
rance  was  as  follows :  The  colours  of  the  primary  rainbow 
were  as  ufual,  only  the  purple  very  much  inclining  to  red, 
and  well  defined  :  under  this  was  an  arch  of  green,  the  upper 
part  of  which  inclined  to  a  bright  yellow,  the  lower  to  a  more 
dulky  green  :  under  this  were  alternately  two  arches  of  reddifh 
purple,  and  two  of  green  :  under  all,  a  faint  appearance  of 
another  arch  of  purple,  which  vanithed  and  returned  feveral 
times  fo  quick,  that  we  could  not  readily  fix  our  eyes  upon  it. 
Thus  the  order  of  the  colours  was,  i.  Red,  orange-colour,  yel¬ 
low’,  green,  light  blue,  deep  blue,  purple,  ii.  Light  green, 
dark  green,  purple,  hi.  Green,  purple,  iv.  Green,  faint 
vanifning  purple.  You  fee  we  had  here  four  orders  of  colours, 
and  perhaps  the  beginning  of  a  fifth  ;  for  I  make  no  quedion 
but  that  what  I  call  the  purple,  is  a  mixture  of  the  purple  of 
each  of  the  upper  feries  with  the  red  of  the  next  below  it,  and 
the  green  a  mixture  of  the  intermediate  colours.  I  fend  you  not 
this  account  barely  upon  the  credit  of  my  own  eyes;  for  there 
was  a  clergyman  and  four  other  gentlemen  in  company,  whom 
I  defired  to  view  the  colours  attentively,  who  all  agreed, 
that  they  appeared  in  the  manner  that  I  have  now  deferibed. 
There  are  two  things  which  well  deferve  to  be  taken  notice  of, 
as  they  may  perhaps  direct  us,  in  fome  meafure,  to  the  folulion 
of  this  curious  phenomenon.  The  fird  is,  that  the  breadth  of 
the  fird  feries  fo  far  exceeded  that  of  any  of  the  red,  that,  as 
near  as  I  could  judge,  it  was  equal  to  them  all  taken  together. 
The  fecond  is,  that  I  have  never  obferved  thefe  inner  orders 

of 
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of  colours  in  the  lower  parts  of  the  rainbow,  though  they  have 
often  been  incomparably  more  vivid  than  the  upper  parts, 
under  which  the  colours  have  appeared.  I  have  taken  notice 
of  this  fo  very  often,  that  I  can  hardly  look  upon  it  to  be  ac¬ 
cidental  ;  and,  if  it  fhould  prove  true  in  general,  it  will  bring 
the  difquifition  into  a  narrow'  cornpafs;  for  it  will  (how  that  this 
effect  depends  upon  fome  property  which  the  drops  retain, 
whilll  they  are  in  the  upper  part  of  the  air,  but  lofe  as  they 
come  lower,  and  are  more  mixed  with  one  another.”  Phil. 

Tranf.  Vol.  XXXII.  p.  243. 

From  a  consideration  of  the  nature  of  the  fecondary  rainbow, 
of  54°,  it  may  be  inferred,  that  if  any  fuch  fupernumerary 
colours,  were  feen  attending  this  rainbow,  they  would  necella- 

rily  be  external  to  it,  inftead  of  internal.  The  circles  fometimes 

% 

feen  encompaffing  the  oblerver’s  thadow  in  a  mid,  are  perhaps 
more  nearly  related  to  the  common  colours  ot  thin  plates  as 
feen  by  reflection. 

IV.  ARGUMENTATIVE  INFERENCE  RESPECTING  THE 

NATURE  OP  LIGHT. 

The  experiment  of  Grimaldi,  on  the  crefled  fringes  within  Argumentative 
the  thadow,  together  with  feveral  others  of  his  obfervations,  in‘^rences* 
equally  important,  has  been  left  unnoticed  by  Newton.  Thole 
who  are  attached  to  the  Newtonian  theory  of  light,  or  to  the 
hypothefes  of  modern  opticians,  founded  on  views  Hill  lets  en¬ 
larged,  would  do  well  to  endeavour  to  imagine  any  thing  like 
an  explanation  of  thefe  experiments,  derived  from  their  own 
do&rines;  and,  if  they  fail  in  the  attempt,  to  refrain  at  lead 
from  idle  declamation  againft  a  lyflem  which  is  founded  on  the 
accuracy  of  its  application  to  all  thefe  facts,  and  to  a  thoufand 
others  of  a  timilar  nature. 

From  the  experiments  and  calculations  which  have  been  Homogeneous 

premifed,  we  may  be  allowed  to  infer,  that  homogeneous  l!Sht  hasoppofite 
5.  .  .  ..  .  ...  .  qualities  at  equal 

light,  at  certain  equal  durances  in  the  direction  oi  is  motion,  diftances  along  its 

is  pofiefled  of  oppolite  qualities,  capable  of  neutraliting  or  com-fe,  by  which 

deftroying  each  other,  and  of  extinguithing  the  light,  where  extmd'ion^f"  ^ 

they  happen  to  be  united ;  that  thefe  qualities  fucceed  each  the  light  may  b« 

other  alternately  in  fuccetlive  concentric  fuperlicies,  at  dif-  e^c<^ed* 

tances  which  are  eonflant  for  the  fame  light,  palling  through 

the  fame  medium.  From  the  agreement  of  the  meafures, 

and  from  the  tiinilarity  of  the  phenomena,  we  may  conclude, 

that 
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that  thefe  intervals  are  the  fame  as  are  concerned  in  the 
produ&ion  of  the  colours  of  thin  plates;  hut  thefe  are  thown, 
by  (he  experiments  of  Newton,  to  be  the  fnialler,  the  denier 
the  medium  ;  and,  fince  it  maybe  prefumed  that  their  num¬ 
ber  muft  necedarily  remain  unaltered  in  a  given  quantity  of 
light,  it  follows  of  courfe,  that  light  moves  more  flowly  in  a 
denfer,  than  in  a  rarer  medium  :  and  this  being  granted,  it 
mud  be  allowed,  that  refraction  is  not  the  effect  of  an  attrac¬ 
tive  force  directed  to  a  denfer  medium.  The  advocates  for 
the  projectile  hypothecs  of  light,  mud  confider  which  link  in 
this  chain  of  reafoning  they  may  judge  to  be  the  mod 
feeble ;  for,  hitherto,  1  have  advanced  in  this  Paper  no  ge¬ 
neral  hypothefis  whatever.  But,  fineewe  know  that  found 
diverges  in  concentric  fuperficies,  and  that  mufical  founds 
confid  of  oppodte  qualities,  capable  of  neutralidng  each 
other,  and  fucceeding  at  certain  equal  intervals,  which  are 
different  according  to  the  difference  ot  the  note,  we  are 
fully  authorifed  to  conclude,  that  there  mud  be  fome  drong 
refemblance  between  the  nature  of  found  and  that  of  light. 

I  have  not,  in  the  courfe  of  thefe  invedigations,  found 
any  reafon  to  fuppofe  the  prefence  of  fuch  an  inflecting  me¬ 
dium  in  the  neighbourhood  of  denfe  tubdances  as  I  was  for¬ 
merly  inclined  to  attribute  to  them  ;  and,  upon  conddering 
the  phenomena  of  the  aberration  ol  the  dars,  I  am  difpofed 
to  believe,  that  the  luminiferous  ether  pervades  the  fub- 
dance  of  all  material  bodies  with  little  or  no  refi dance,  as 
freely  perhaps  as  the  wind  pafies  through  a  grove  of  trees. 

The  obfervations  on  the  effects  of  diffraction  and  inter¬ 
ference,  may  perhaps  fometimes  be  applied  to  a  practical 
purpofe,  in  making  us  cautious  in  our  conclpdons  refpedting 
the  appearances  of  minute  bodies  viewed  in  a  microfeope. 
The  (hadow  of  a  fibre,  however  opaque,  placed  in  a  pencil 
of  light  admitted  through  a  fmall  aperture,  is  always  fome- 
what  lefs  dark  in  the  middle  of  its  breadth  than  in  the  parts 
on  each  fide.  A  limilar  effect  may  alfo  take  place,  in  fome 
degree,  with  refpect  to  the  image  on  the  retina,  and  impivls 
the  fenfe  with  an  idea  of  a  tranfparency  which  has  no  real 
cxiftence:  and,  if  a  fmall  portion  of  light  be  really  tranf- 
mitted  through  the  fubdance,  this  may  again  be  dedroyed 
by  its  interference  with  the  diffracted  light,  and  produce  an 
appearance  of  partial  opacity,  inftead  of  uniform  femitranl- 

3  parency , 
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parency.  Thus,  a  central  dark  fpot,  and  a  light  (pot  fur- 
rounded  by  a  darker  circle,  may  refpeclively  be  produced 
in  the  images  of  a  femitranfparent  and  an  opaque  corpufcle  ; 
and  imprefs  us  with  an  idea  of  a  complication  of  ftrudlurc 
which  does  not  exift.  In  order  to  detect  the  fallacy,  we 
jnay  make  two  or  three  fibres  crofs  each  other,  and  view  a 
number  of  globules  contiguous  to  each  other;  or  we  may 
obtain  a  Hill  more  effectual  remedy  by  changing  the  magni¬ 
fying  power ;  and  then,  if  the  appearance  remain  conftanf 
in  kind  and  in  degree,  we  maybe  afliired  that  it  truly  repre- 
fents  the  nature  of  the  fubftance  to  be  examined.  It  is  na¬ 
tural  to  inquire  whether  or  no  the  figures  of  the  globules  of 
blood,  delineated  by  Mr.  Hewfon  in  the  Phil.  Tranf.  Vol. 

LXIII.  for  1773,  might  not  in  fome  meafure  have  been  in¬ 
fluenced  by  a  deception  of  this  kind  :  but,  as  far  as  I  have 
hitherto  been  able  to  examine  the  globules,  with  a  lens  of 
one-fiftieth  of  an  inch  focus,  I  have  found  them  nearly  fuch 
as  Mr.  Hewfon  has  deferibed  them. 

REMARKS  ON  THE  COLOURS  OF  NATURAL  BODIES. 

Exper.  5.  I  have  already  adduced,  in  illuftration  of  New-  On  the  colours 
ton's  companion  of  the  colours  of  natural  bodies  with  thofe  of  natural  bodies# 
of  thin  plates.  Dr.  Wollafton's  obfervations  on  the  blue  light 
of  the  lower  part  of  a  candle,  which  appears,  when  viewed 
through  a  prifm,  to  be  divided  into  five  portions.  I  have 
lately  obferved  a  fimilar  inftance,  dill  more  ftrongly  marked, 
in  the  light  tranfmitted  by  the  blue  glafs  fold  by  the  opti¬ 
cians.  This  light  is  feparated  by  the  prifm  into  feven  dif- 
tindt  portions,  nearly  equal  in  magnitude,  but  fomewhat 
broader,  and  lefs  accurately  defined,  towards  the  violet  end 
of  the  fpectrum.  The  fir  ft  two  are  red,  the  third  is  yellow- 
ifh  green,  the  fourth  green,  the  fifth  blue,  the  fixth  bluifli 
violet,  and  the  feventh  violet.  This  divifion  agrees  very 
nearly  with  that  of  the  light  refledted  by  a  plate  of  air  z^-0- 
of  an  inch  in  thicknefs,  correfponding  to  the  11th  feries  of 
red  and  the  18th  of  violet.  A  fimilar  plate  of  metallic  oxide, 
would  perhaps  be  about  of  an  inch  in  thicknefs.  But 

it  mud  be  confelfed,  that  there  are  firong  reafons  for  believing 
the  colouring  particles  of  natural  bodies  in  general  to  be  in¬ 
comparably  frnaller  than  this ;  and  it  is  probable  that  the 
analogy,  fuggelied  by  Newton*,  is  fomewhat  lefs  clofe  than 

he 
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he  imagined.  The  light  refle&ed  by  a  plate  of  air,  at  any 
thicknefs  nearly  correfponding  to  the  11th  red,  appears  to 
the  eye  to  be  very  nearly  white;  but,  under  favourable  cir- 
cumftances,  the  11th  red  and  the  neighbouring  colours  may 
tlill  be  diftinguifhed.  The  light  of  fome  kinds  of  coloured, 
glafs  is  pure  red;  that  of  others,  red  with  a  little  green: 
lome  intercept  all  the  light,  except  the  extreme  red  and  the 
blue.  In  the  blue  light  of  a  candle,  expanded  by  the  prilm, 
the  portions  of  each  colour  appear  to  he  narrower,  and  the 
intervening  dark  (paces  wider,  than  in  the  analogous  fpe&rum 
derived  from  the  light  reflected  from  a  thin  plate.  The  light 
of  burning  alcohol  appears  to  be  green  and  violet  only.  The 
pink  dye  fold  in  the  (hops,  which  is  a  preparation  of  the  car- 
thamus,  affords  a  good  fpecimen.  of  a  yellow  green  light  regu¬ 
larly  reflected,  and  a  crimfun  probably  produced  by  tranfmiOlon. 

VI.  EXPERIMENT  ON  THE  DARK  RAYS  OF  RITTER. 

Exper.  6.  The  exiftenee  of  fo!ar  rays  accompanying  light, 
more  refrangible  than  the  violet  rays,  and  cogni fable  by  their 
chemical  effects,  was  firft  afeertained  by  Mr.  Ritter:  but  Dr. 
Wollalton  made  the  fame  experiments  a  very  fhort  time  after¬ 
wards,  without  having  been  informed  of  what  had  been  done 
on  the  Continent.  Thefe  rays  appear  to  extend  beyond  the  violet 
rays  of  theprifmatic  fpeCtrum,  through  a  fpace  nearly  equal  to 
that  which  is  occupied  by  the  violet.  In  order  to  complete  (he 
comparifon  of  their  properties  with  thofeof  vifible  light,  I  was 
defirous  of  examining  the  effect  of  their  reflection  from  a  thin 
plate  of  air,  capable  of  producing  the  well  known  rings  of  co¬ 
lours.  For  this  purpofe,  I  formed  an  image  of  the  rings,  by 
means  of  the  folar  microfcope,  with  the  apparatus  w  hich  I 
have  delcribed  in  the  Journals  of  the  Royal  Inftitution,  and  I 
threw  this  image  on  paper  dipped  in  a  lolution  of  nitrate  of 
lilver,  placed  at  the  diftance  of  about  nine  inches  from  the 
microfcope.  In  the  courfe  of  an  hour,  portions  of  three  dark, 
rings  were  very  difiin&ly  vifible,  much  fmaller  than  the  bright- 
eft  rings  of  the  coloured  image,  and  coinciding  very  nearly, 
in  their  dimenfions,  with  the  rings  of  violet  light  that  appeared 
upon  the  interpofition  of  violet  glafs.  I  thought  the  dark  rings 
were  a  little  fmaller  than  the  violet  rings,  but  the  difference 
was  not  fufficiently  great  to  be  accurately  afeertained  ;  it  might 
be  as  much  as  -js  or  Vv  the  diameters,  but  not  greater.  It, 
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is  the  lefs  furprifing  that  the  difference  lliould  be  fo  (mail,  as 
the  dimcnfionsof  the  coloured  rings  do  not  by  any  means  vary 
at  the  violet  end  of  the  fpeclrum,  fo  rapidly  as  at  the  red  end. 
For  performing  this  experiment  with  very  great  accuracy,  a 
helioflate  would  be  neceirary,  fince  the  motion  of  the  fun 
caufes  a  flight  change  in  the  place  of  the  image;  and  leather, 
impregnated  with  the  muriate  of  filver,  would  indicate  the 
effect  with  greater  delicacy.  The  experiment,  however,  in 
its  prefent  ffate,  is  fufficient  to  complete  the  analogy  of  the 
invifible  with  the  vifible  rays,  and  to  thovv  that  they  are 
equally  liable  to  the  general  law  which  is  the  principal  fub* 
je£t  of  (his  Paper.  If  we  had  thermometers  fufficiently  deli¬ 
cate,  it  is  probable  that  we  might  acquire,  by  fimiJar  means, 
information  ffill  more  intereffing,  with  relpedt  to  the  rays  of 
invifible  heat  difcovered  by  Dr.  Herfchel;  but  at  prefent  there 
is  great  reafon  to  doubt  of  the  practicability  of  fuch  an  expe¬ 
riment. 
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National  Injlitute. 

rJT 

-if  HE  clafs  of  mathematical  and  phyfical  fciences  of  the  National  In fti- 
French  National  Inffitute  had  a  public  fitting  on  the  6th  Meffi-  tutc  frizes* 
dor  (June  25.)  The  fubje£ts  appointed  for  prizes  were  the 
following: 

Mathematics.  **  It  is  required  to  give  a  theory  of  the  per-  Planet  Pallas, 
turbations  of  the  planet  Pallas,  difcovered  by  M.  Gibers.^ 

The  prize  will  be  a  gold  medal,  weighing  one  kilogramme, 

(354-oz.  avoirdupois.) 

Natural  Philofophy.  The  clafs  had  propofed  for  the  fubje£t  Carbon  In  vege- 
of  a  prize  the  following  queffion.  ‘‘  To  determine  by  experi-  takIe>* 
ment  the  different  fources  of  carbon  in  vegetables. ”  The 
concurrence  is  prorogued  until  the  iff  Germinal  in  the  year  13 
(March  22,  1805.) 

The  concurrence  for  the  prize  upon  the  following  queffion  Torpid  ftate  of 
is  alfo  prolonged  to  the  fame  period.  “  To  determine  by  ana-  doirrntc>  &c* 
tomical  and  chemical  obfervations  and  experiments,  what  are 
the  phenomena  of  the  torpid  ffate  to  which  certain  animals* 
fuch  as  marmots,  dormice,  &c.  are  fubject  during  the  winter, 
with  refpeft  to  the  circulation  of  the  blood,  refpiration,  and 
irritability;  to  inveffigate  the  caufes  of  this  Deep,  and  why 
It  is  peculiar  to  thefe  animals.” 


The 


142 


SCIENTIFIC  NEWS. 


Ferments, 


Agronomy. 
Prize  gained  by 
Piazzi. 


Readings. 


Place  of  new 
planets. 


The  value  of  thefe  two  prizes  is  doubled,  and  eonfifts  ill 
two  kilogrammes  of  gold  about  6800  francs  each  (<£289. ) 

The  clafs  had  propofed  for  the  fecond  time,  the  15th  Ger¬ 
minal  of  the  year  10,  as  the  fubjeX  of  a  prize  to  be  decreed 
in  the  public  fitting  of  Meflidor,  the  following  queftion. 

What  are  the  charaXers  which  diftinguifh,  in  vegetable 
and  animal  matters,  thofe  bodies  which  ferve  as  ferments  from 
thofe  in  which  they  produce  the  ftate  of  fermentation.” 

The  memoirs  received  not  having  anfwered  the  conditions 
of  the  program,  and  the  clafs  confidering  that  this  queftion 
has  been  four  years  before  the  public,  the  fubjeX  is  now  with¬ 
drawn. 

Aftronomy.  Mr.  Piazzi  of  Palermo  has  obtained  the  prize 
founded  by  M.  De  Lalande,  in  favour  of  the  perfon  who  fhall 
have  made  the  moft  interefting  obfervation,  or  written  the 
mod  ufeful  memoir  to  the  progrefs  of  aftronomy.  Mr.  Piazzi 
is  the  difeoverer  of  the  planet  Ceres. 

The  readings  delivered  during  the  fitting  were  as  follow: 

I.  Notice  of  the  labours  of  the  clafs  during  the  year;  the 
mathematical  part  by  M.  Delambre.  2.  Notice  of  their  la¬ 
bours;  the  phyfical  part  by  M.  Cuvier.  3.  Account  of  a 
phyfico-matheraatical  theory  of  currents  of  water,  by  M. 
Prony.  4.  A  note  refpeXing  the  amelioration  of  fheep  in  the 
fouth  of  France,  by  M.  Teflier.  5.  General  reflexions  on  the 
produXions  of  the  vegetable  kingdom  in  the  Pyrenean  moun¬ 
tains  by  M.  Raymond.  6.  RefleXions  on  heat,  byr  Count 
Rumford.  7.  ExtraX  of  a  memoir  tending  to  ilia  ft  rate  the 
ceconomical  hiftory  of  vegetables,  cultivated  or  naturally  grow¬ 
ing  in  the  Canaries,  by  M.  Broufl'onet. 


Extraft  of  a  Letter  from  Professor  Bode,  Afronomer  BoycA, 

to  Mr.  A.  F,  Thoelden . 

Dated  Berlin,  Sept.  18. 

ON  the  firft  of  September  Mr.  Harding  difeovered,  at 
Liiienthal,  a  new  moveable  ftar  ;  ft  appears  to  be  of  (he  eighth 
magnitude;  its  motion  retrograde  towards  the  South.  Proba¬ 
bly  this  may  be  another  new  planet  in  the  orbit  of  Ceres  and 
Pallas.  * 
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The  two  lad  obfervations  were  made  by  Dr.  Olbers,  at 
Bremen.  I  received  this  intelligence  yederday,  but  at  prefent 
this  fmall  planet  (there  are  now  three)  is  not  dilcoverable,  on 
account  ot’  the  moon-fliine. 


Ex  trad  of  a  Letter  from  Mr.  G.  B.  Grenough. 

*  *  *  *  There  is  an  overfight  in  the  hady  account  I  fen t  Correction  of  a 
vou  of  the  Abbe  Melograni’s  blow-pipe.  No  provifion  js  ^etai1  m  ac- 
made  tor  admitting  the  external  air.  This  may  be  done  by  gram’s  blow- 
feveral  means.  It  may  be  admitted  through  that  part  of  the  P‘Pe* 
axis  which  is  oppofite  the  nozel ;  but  as  this  would  require 
fome  contrivance  which  would  render  it  defective  in  fimpli- 
city,  I  fliould  prefer  the  addition  of  a  fmall  valve  opening  in¬ 
wards  at  that  part  of  each  veffel  which  is  immediately  oppo¬ 
fite  the  neck  that  joins  them.  Whether  this  method  was  ufed 
in  the  adtual  indrument  I  cannot,  at  this  didance  of  time,  re¬ 
coiled. 


Organic  Re??iains  of  a  former  World.  An  Examination  of  the 
Mineralized  Remains  of  the  Vegetables  and  Animals  of  the  An¬ 
tediluvian  World,  generally  termed  extraneous  Fojjils.  By 
James  Parkinson,  IJoxton.  Vol.  I.  containing  the  Vege¬ 
table  Kingdom.  4 to,  pp.  471.  ivith  10  Plates  {<£ 2  2  0) 

Robfon,  fyc. 

AS  it  would  be  impracticable  in  the  general  announcement  Parkinfon’sor- 
of  a  work  of  the  magnitude  and  importance  of  the  prefent  to  garjiC  remains* 
give  the  reader  any  well  filled  outline  of  the  plan,  I  mud  con¬ 
fine  myfelf  to  date  in  few  words,  that  the  defeription  and  elu¬ 
cidation  of  organic  fodil  bodies,  though  in  many  points  of 
view  of  the  highed  intered,  has  not  yet  condituted  the  fub- 
je<5t  of  a  general  treatife;  notwithdanding  the  various  confi- 
derations  refpeding  the  local,  the  individual,  and  the  chemi¬ 
cal  hidory  of  thefe  wonderful  bodies  have  occupied  the  re- 
fearches  of  many  able  philofophers  in  detached  memoirs;  and 
that  the  compodtion  of  fuch  an  hidory  demands  a  great  ex¬ 
ertion  of  labour,  in  confulting  and  digeding  what  has  been 
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Parkinfon’s  6r-  done  by  others,  an  accurate,  geological,  and  chemical  view 
*Jnic  rcmains*  of  the  fuels  upon  which  fcientific  conclufions  or  deduftions 
may  be  grounded,  and  above  all,  an  ardent  curiofity,  with 
adequate  leifure  and  means  to  become  acquainted  with  the 
fpecimens  themfelves: — And,  after  this  prelace,  I  muff  add, 
that  fortunately  for  the  advancement  of  this  branch  of  know¬ 
ledge,  the  author  of  the  prefent  work,  has  amply  vindicated 
his  claim  to  thefe  requitites. 

The  work  is  written  in  the  form  of  letters,  and  enlivened 
by  an  adoption  of  the  ftyle  and  fome  of  the  incidents  of  a 
traveller.  Much  of  ufeful  fcience  and  clear  explanations  of 
the  fubjedt  are  to  be  found  in  the  pages  of  this  volume.  The 
abridgements  from  other  authors  are  full,  and  the  quotations 
always  given  with  the  volume  and  page,  which  1  mention 
more  readily,  as  a  flovenly  habit  of  loofe  quotation,  or  not 
quoting  at  all,  is  but  too  common,  even  with  our  writers  of 
merit.  Nine  plates  of  the  fubjects  are  given,  which  do  the 
higheft  credit  to  the  defigner  and  engraver,  Springfguth,  for 
their  delicacy  and  beauty,  and  confiderable  pains  have  been 
taken  in  colouring  them.  The  frontispiece,  reprefenting  the 
Ark  upon  Mount  Ararat,  defigned  by  Corbould,  is  happy  and 
appropriate;  though  the  artift  has  taken  a  pictorial  licence  to 
reprefent  the  fun  and  the  rainbow  nearly  on  the  fame  azimuth, 
for  which  neither  opticians  nor  correct  obfervers  will  be  dif- 
pofed  to  excule  him. 

The  volume  yet  to  be  publifhed  will  contain  the  animal  king¬ 
dom  ;  a  fubjeCt  perhaps  flill  more  attractive  than  the  vegeta¬ 
ble.  In  the  remains  of  extindt  vegetables,  we  appear  to  con¬ 
template  the  phyfical  economy  of  a  world  long  ago  obliter¬ 
ated  ;  but  in  thofe  of  animals,  we  feem  to  behold  fomething 
that  gives  a  glimpfe  into  the  moral  relations  of  thofe  beings  of 
naif  ages  who  exifted  upon  its  furface. 
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Defcription  cf  a  Tallow  Lamp,  which  regulates  its  Supply  by  a 
fpontaneous  Movement.  By  Mr,  John  Whitley  Boswell. 
Communicated  by  the  Inventor. 


To  Mr.  NICHOLSON. 


SIR, 

Th  E  conflant  attention  which  candles  demand  from  the 
frequent  fnufhng  they  require,  and  the  continued  variation 
of  their  light  in  the  intervals  of  this  operation,  on  the  one 
hand,  and  on  the  other  the  expence  and  trouble  which  oil 
lamps  occafion,  together  with  the  difagreeable  fcent  they  in 
general  produce,  have  rendered  the  contrivance  of  a  good 
lamp  for  burning  tallow,  a  defirable  object  to  feveral  for  a 
long  time. 

I  hope,  therefore,  the  defcription  I  fend  of  a  lamp  for  this 
purpofe,  which  poflelfes  fome  valuable  properties,  will  be 
acceptable  to  you. 

The  beft  lamp  for  burning  tallow  which  I  had  feen  before 
I  contrived  this,  was  one  invented  by  Mr.  March,  of  Barn- 
daple,  in  which  the  tallow  kept  continually  melted  in  a  veflel 
fufpended  over  the  flame,  was  admitted  by  a  fmall  pipe  to  the 
burner,  and  the  fupply  regulated  by  a  kind  of  cock  attached 
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Defcription  of  a  to  the  pipe :  But  this  method  occationcd  a  wafte  from  the 

tajIo\v°r ^Urn'ng  evaporation  of  the  melted  tallow,  and  betides,  required  much 
attendance  to  regulate  the  cock  and  keep  the  tallow  velfel  at  a 
proper  diltanee  from  the  flame;  for  the  alteration  of  the  tem¬ 
perature  of  the  melted  tallow,  which  was  very  frequent  from 
many  caufes,  continually  changing  its  degree  of  fluidity, 
caufed  it  to  vary  in  its  fupply  through  the  pipe  propor¬ 
tionally. 

It  occurred  to  me  fome  time  after  I  faw  this  lamp,  that  one 
might  be  contrived  in  which  the  tallow  thould  only  be  melted 
as  it  was  confirmed,  and  other  of  the  inconveniences  be  re¬ 
moved  to  which  the  firft  was  fubject ;  and  I  made  then  a 
rough  drawing  of  a  lamp  for  this  purpofe,  but  other  more 
interefting  matters  prevented  my  having  one  made  on  that 
plan  before  laft  December  :  It  conflfled  of  a  trough  fupported 
in  an  inclination  of  about  45  degrees,  fimilar  to  the  one  in  the 
figure,  wrhich  held  a  fquare  prifm  of  tallow ;  under  this  was 
placed  a  little  oblong  veflel  of  tin,  formed  fo  as  to  move  for¬ 
wards'  and  backwards  like  a  drawer,  in  front  of  which  was 
placed  a  burner:  a  couple  of  wires  placed  acrofs  the  lower 
part  of  the  trough,  prevented  the  tallow  from  Aiding  down 
beyond  them,  as  it  otherwife  wrould  from  the  obliquity  of  its 
fupport;  but  as  it  melted  by  the  heat  from  the  burner,  it 
fell  in  drops  into  the  little  drawer,  fo  as  to  fupply  the  flame, 
while  the  degree  of  this  fupply  was  regulated  by  moving  the 
drawer  in  or  out,  fo  as  to  bring  the  burner  nearer  to,  or  fur¬ 
ther  from  the  tallow.  In  this  ftate,  though  it  formed  a  very 
ufeful  lamp,  it  was  not  fo  perfect  as  I  could  with  ;  every  al¬ 
teration  of  temperature  of  the  apartment  (which  in  cold  wea¬ 
ther  happens  frequently)  required  a  proportional  alteration  in 
the  diftanee  of  the  burner  from  the  tallow,  to  prevent  the 
little  drawer  being  either  overflowed  by  a  fuperabundance  of 
melted  tallow,  or  the  flame  ceafing  from  a  deficiency  of  fup¬ 
ply.  The  attendance  this  circumftance  required  induced  me 
to  contrive  the  prefent  lamp,  or  rather  to  improve  the  former, 
in  manner  following. 

I  conceived  that  if  the  little  pan,  which  held  the  melted 
tallow  and  the  burner,  was  placed  on  the  arm  of  a  balance 
inclined  from  30  to  45  degrees  from  the  perpendicular,  and 
its  weight  compenfated  by  a  counterpoife  at  the  extremity  of 
the  other  arm,  that  when  more  than  a  certain  quantity  of  tal¬ 
low 
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io;v  ran  into  if,  it  vvouid  fink  lower,  and>  in  doing  fo,  moveDefcription  of  a 
the  burner  farther  forward  from  the  trough  at  the  fame  time, i3Ura^i^ 
and  vice  verfa ,  and  thus  regulate  the  fupply  fpontaneoutly  : 

But  as  it  was  necetfary  that  the  pan  (holding  a  fluid)  fhould 
always  maintain  an  horizontal  pofltion  during  its  movement,  I 
imagined  this  might  be  effected  by  placing  another  arm  be- 
neath  the  balance-arm,  and  fixing  a  perpendicular  piece, 
fo  jointed  to  the  extremity  of  each  as  to  move  frefh  and 
fleadily,  which  piece  fhould  fupport  an  horizontal  Hand  for 
the  pan. 

T  had  a  lamp  made  in  this  manner,  and  found  it  anfwer  my 
intention  perfectly.  It  required  no  attendance  whatfoever^ 
but  regulated  its  fupply  with  precifion ;  and  afforded,  like- 
wife,  an  agreeable  fpe£tacle,  having  in  its  movements  fome- 
what  the  air  of  thofe  of  an  animal,  from  their  exadt  rela¬ 
tion  to  an  evident  object,  and  adopting  themfelves  to  all  its 
changes. 

The  lamp  thus  made  affumed  the  form  in  the  figure,  PI.  IX. 
where  T reprefents  the  inclined  trough  for  holding  the  tallow;  P 
the  pan  for  catching  the  tallow  as  it  melted,  and  holding  the 
burner ;  F  the  flame  and  burner ;  R  the  perpendicular  piece 
fuftaining  a  fupport  for  the  pan  ;  B  the  balance  moving  freely 
on  its  center  in  the  (land  S,  and  jointed  to  R  as  before  de- 
fcribed  ;  c  the  parallel  arm  ufed  to  keep  R  perpendicular,  and 
by  its  means  horizontal ;  w  the  counter  weight,  placed  fo  as 
to  move  on  the  extremity  of  B  by  a  fcrevv.  The  firfl  frofty 
night  (hewed  me  the  necelfity  of  the  addition  of  another  part 
to  remedy  an  inconvenience  I  had  not  forefeen  ;  the  dropping 
tallow  affirming  the  form  of  an  ificle,  joined  the  pan  to  the 
trough,  and  thus  flopped  its  movement:  As  it  was  trouble- 
fome  to  break  this  ofF  as  it  occurred,  I  contrived  the  follow¬ 
ing  means  to  prevent  its  formation  :  A  little  oblong  Hiding- 
piece,  the  fame  breadth  as  the  trough,  was  placed  clofe  un¬ 
derneath  its  lower  part ;  the  extremity  of  this  flide  was  made 
angular,  that  the  melted  tallow  might  fall  from  a  fingle  point; 
a  wire  reprefented  at  L,  moved  it  back  or  forwards  as  re¬ 
quired  :  By  this  Hide  the  drop  may  be  made  to  fall  as  clofe 
to  the  ftream  of  burning  air  from  the  flame  as  is  thought  fit, 
and  all  congelation  prevented.  I  afterwards  added  a  fort  of 
refledlor  to  the  lamp,  which  confi  lerably  improved  the  light, 
not  merely  adting  as  its  name  implies,  but  alfo  occafioning  an 
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Defcription  of  a  inereafe  in  the  current  of  air  which  pafled  the  flame,  reiL 
UNow^  burnlng  dered  it  fomewhat  more  bright,  and  conflderably  more  fteady. 

This  part  is  reprefented  at  D  in  the  figure,  and  confifts  of  two 
fide-pieces  placed  before  the  trough,  but  fo  as  not  to  obftru£l 
the  tallow,  and  bent  forward  to  form  an  angle  with  its  tides. 
To  improve  the  light,  I  alfo  ufe  in  the  lamp  five  fmall  difiinft 
wicks,  of  three  threads  each,  inflead  of  one  large  wick,  placed 
near  each  other  in  a  row,  which  renders  the  flame  clear  and 
free  from  fmoke,  and  thereby  alfo  prevents  any  unpleafant 
feent.  I  ufed  this  lamp  for  more  than  three  months,  and 
found  it  very  convenient  for  reading  or  writing  by,  as  when 
once  lighted  it  required  no  farther  attention,  and  kept  its 
light  at  nearly  the  fame  height  at  all  times,  and  of  the  fame 
degree  of  intenfity  ;  and  I  can  further  recommend  it,  as 
yielding  the  greatefl:  light  at  the  fmallefi:  coft,  in  proportion, 
of  any  invention  yet  made  public  which  is  applicable  to  do- 
meftic  ufes. 

I  have  had  two  lamps  of  this  kind  carefully  made  by  Mr, 
Lloyd,  No.  178,  Strand,  and  left  with  him  as  models:  In 
one  of  which  the  chief  object  is  cheapnefs,  as  far  as  confident 
with  perfection  and  neatnefs ;  in  the  other,  to  form  an  elegant 
utenfil  for  the  fiudy,  office,  or  chamber ;  and  any  gentleman 
may  be  fupplied  with  them  there,  made  exactly  to  my  plan, 
on  reafonable  terms;  and  as  Mr.  Lloyd  is  the  only  perfon 
at  prefent  appointed  to  make  them,  and  infiructed  fully  in  the 
mechanifm,  they  can  be  had  perfect  from  him  only. 

It  is  probable  wax  might  alfo  be  burned  in  this  lamp  as 
well  as  tallow :  of  this  I  cannot  fpeak  from  experience,  but 
mention  it,  as  I  know'  fome  v/ould  prefer  to  ufe  it. 

I  am.  Sir, 

Your  very  humble  fervant, 

J.  WHITLEY  BOSWELL. 

Oft.  1,  I80L 
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IT. 

Account  of  a  fuccefful  Cafe  in  which  Deafnefs  was  cured  by 
PunSture  of  the  Membrana  Tympani.  By  M.  Maunoir ,  of 
Geneva .  Communicated  ^  Alexander  Marcet,  M.  D . 

Phyfician  to  Guy's  Hofpital. 

To  Mr.  NICHOLSON. 

SIR, 

The  inclofed  communication  on  the  effects  produced  in  a  introdu&ory 
cafe  of  deafnefs  by  the  perforation  of  the  tympanum  of  the  letter» 
ear,  is  extracted  from  a  letter  which  I  have  juft  received  from 
Mr.  Maunoir,  an  eminent  furgeon  at  Geneva.  The  hittory  of 
this  cafe,  drawn  up  by  fucn  an  intelligent  and  accurate  ob- 
ferver,  appears  to  me  curious,  both  from  the  phyfiological  re¬ 
marks  which  it  contains,  and  from  the  ftriking  illuftration 
which  it  affords  of  a  new  mode  of  pra&ice  lately  propofed  in 
this  country.  And,  as  this  fubject  feems  fully  as  interefting 
in  its  philolophical  point  of  view,  as  in  its  connexion  with 
practical  furgery,  I  fhould  wifh,  if  you  think  it  proper,  that 
you  would  give  it  a  place  in  the  next  number  of  your  valuable 
Journal.  I  have  the  honour  to  be.  Sir, 

Your  obedient  humble  fervant, 

ALEXANDER  MARCET, 

St.  Mary  Axe,  Oct .  16,  1804, 


Extract  of  a  Letter  from  Mr.  Maunoir,  furgeon  at  Geneva , 

dated  5th  September,  1  80  L 

"  Mr.  F.  of  Geneva,  aged  forty  years,  had  loft  his  hearing,  A  gentleman 

feveral  years  ago,  in  confequence  of  a  long  affe&ion  of  the  h ad^been^ fe veral 
pollerior  part  of  the  internal  fauces,  and  it  was  evident,  that,  years  extremely 
in  this  cafe,  the  euflachian  tubes  were  obliterated.  Jn  con-  tiea*‘ 
denfing  the  air  in  his  mouth  and  noftrils,  he  was  totally  unable 
to  diflend  the  membrane  of  the  tympanum,  a  thing  which  is 
very  eafy  to  do  for  any  one  who  enjoys  a  perfect  fenfe  of  hear¬ 
ing.  He  could  fcarcely  hear,  even  when  you  Ihouted  in  his 
ears,  and  although  fo  long  deaf,  he  had  not  acquired  the  fa¬ 
culty  of  underftanding  by  the  motion  of  the  lips.  After  pe- 
rufing  the  paper  which  I  lately  pubbfhed  in  the  Bibliothdque 
Britannique,  Mr.  F.  conceived  that  he  might  be  one  of  thofe 
in  whom  the  hearing  could  be  recovered  by  the  perforation  of 
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Puntture  of  the 
tympanum  of 
one  ear. 


Inftant  reftora- 
tion  of  hearing 
with  extreme 
fenfibility. 


Some  founds 
more  audible 
than  others. 


The  other  ear 
punOured  with 
out  effeft. 


Caufe  of  this 
failure. 


the  tympanum.  On  the  14th  of  July  lad,  I  performed  that 
operation  on  his  right  ear,  in  prefence  of  Mr.  Jurine,  with  a 
very  fmali  trocar,  about  one  eighth  of  an  inch  in  diameter.  At 
the  indant  that  the  inftrument  was  withdrawn,  we  fpoke  to 
him  in  a  low  voice;  but  indead  of  anfwering,  he  remained 
immoveable  in  his  chair,  and  feemed  flnpified. — Then  he  ex¬ 
claimed  lt  For  God’s  fake  gentlemen,  don’t  cry  out  to  loud; 
you  hurt  me!”  I  then  began  to  walk  about  the  room. — The 
fqueaking  of  my  boots  made  him  fhudder  and  jump  in  his  chair ; 
and  he  covered  his  ear  with  his  hand.  The  fnapping  of  the 
fingers  quite  detracted  him,  and  feemed  to  produce  upon  him 
an  effedt  fimilar  to  that  of  a  pidol  fuddenly  fired  in  the  ear  of 
a  perfon  not  aware  of  it.  When  fpoken  to,  though  in  a  whif- 
per,  he  complained  that  we  fpoke  too  loud.  Yet  in  fpite  of 
this  exceflive  fenfibility  to  very  inconfiderable  noifes,  there 
were  other  founds,  not  lefs  didindt,  which  he  did  not  hear, 
even  at  a  very  little  didance;  fuch  for  indance  as  the  ticking 
of  his  watch.  So  that  his  hearing  feemed  to  be  fometimes  too 
dull,  fometimes  too  acute  ;  becaufe,  no  doubt,  the  organ  had 
loft  the  faculty  of  adjuding  ilfelf  to  the  different  modulations 
of  found.  A  week  after  this,  however,  Mr.  F.  had  lod  that 
excedive  fenfibility  which  rendered  acute  founds  almod  in¬ 
tolerable  to  him,  and  in  fadt  he  had  already  again  learnt  to  hear. 
He  then  wiflied  to  have  the  other  ear  perforated  in  the  fame 
manner.  I  performed  this  operation,  but  without  effedt. — 
Twenty  days  after  this  fecond  operation,  Mr.  F.  called  upon 
the.  I  examined  his  ears  in  a  fine  fun  fhine,  and  could  fee  in 
“  the  right  ear  the  membrane  of  the  tympanum  traverfed  in  its 
exterior  part  by  a  fmali  cicatrix,  having  in  its  center  a  fmali 
hole  which  was  hardly  perceptible.  Yet.  the  hearing  was 
fcarcely  diminifhed  fince  the  nrd  operation.  Fearing  that  this 
fmali  aperture  might,  clofe  itfelf  entirely,  Mr.  F.  defired  that 
I  would  perforate  again  the  membrane  of  that  ear,  an  opera¬ 
tion  which  was  repeated  without  giving  him  any  pain,  but  not 
without  a  dight  increafe  of  fenfibility  in  his  hearing.  I  after¬ 
wards  examined  the  left  ear,  and  having  placed  the  meatus  in 
the  direction  of  the  fun’s  rays.  I  didinctlv  perceived  a  falfe 
membrane  adhering  to  the  whole  circumference  of  the  palfage, 
and  perfe&ly  fimilar,  in  its  form  and  fituation,  to  that  of  the 
tympanum,  the  didance  between  the  two  membranes  being 
fcarceJy  one  dxth  part  of  an  inch.  I  took  off  at  once  this 
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falfe  membrane  with  a  pair  of  tweezers,  and  difcovered  be¬ 
hind  it,  the  tympanum,  quite  found  and  entire.  I  thought  it 
probable  that,  in  the  fecond  operation,  I  had  only  touched 
this  falfe  membrane.  I  immediately  perforated  the  true  one,  Repetition  of 
and  was  furprized  (as  well  as  my  brother  who  attended  this  ^^effea'anii 
operation),  to  find  that,  although  Mr.  F.  had  already  learnt  fimilar  phcno- 
again  to  hear  writh  the  right  ear,  yet  the  reftoration  of  bis  hear- mena* 
ing  in  the  left,  occafioned  in  him  the  fame  effects  of  wonder, 
and  of  exceffive  fenhbility  to  the  lead  unexpected  noife,  which 
he  had  experienced  after  the  firft  operation.  This  inconveni¬ 
ence,  however,  has  not  been  of  longer  duration  in  this  ear, 
than  it  had  been  in  the  other.” 


III. 

Letter  from  Mr.  Timothy  Sheldrake,  expofing  the  Errors 
of  M.  Tingry  ref  peeling  Copal  Varnifhes;  with  fame  farther  ln- 
Jlruttions  concerning  the  fame. 

( Received  061,  16,  1804.) 


To  Mr.  NICHOLSON. 

SIR, 


M.  TINGRY,  profefTor  of  chemiftry,  &:c.  in  the  academy  Tingry  in  his 
of  Geneva,  has  published  a  treatife  on  the  art  of  making  and  varnHhS— ^ 
applying  varnifhes;  with  new  obfervations  and  experiments 
on  copal,  & c.  &c,  A  tranflation  of  that  work  has  lately 
appeared  here,  and  at  p.  157  of  that  tranflation  I  find  the  fol¬ 
lowing  paflage. 

“  Mr.  Timothy  Sheldrake  mentions  camphor  as  a  medium 
for  diffolving  copal  in  effence*  and  alcohol.  He  gives  alfo  an¬ 
other  procefs,  in  which  ammonia  (volatile  alcaline  fpirit  offal 
ammoniac)  in  the  proportion  of  an  eighth  part  of  the  effence 
employed,  is  fubftituted  in  the  room  of  camphor. 

**  Exper .  I.  Of  the  three  proceffes  which  he  deferibes,  I  rePeate<f  Shel- 
*  1  drake’s  procefics 

repeated  two:  thofe  which  regard  the  folution  of  copal  in  ef- f-or  diflolving 

fence  and  in  alcohol  by  a  mixture  of  camphor.  That  with  ef-  copal  in  effence 

fence  did  not  fucceed.  The  author  himfelf  announces  that  he 


*  Throughout  the  book  this  word  is  lift d  todeferibe  what  we  call 
fpirit  of  turpentine. 
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nor  with  alcohol. 


He  infers  that 
the  compounds 
mart  be  imper- 
fe£t  and  not 
varnilhes. 


Observations 
in  reply. 


Mr.  Tingry 
ought  not  to 
have  oppofed 
J ‘peculation  again  ft 
faXs, 


always  failed,  except  when  he  obtained  the  efience  from  apo¬ 
thecaries  hall.  It  appears  that  this  elfence  had  by  chance  all 
thofe  effentia!  qualities  which  we  endeavour  to  give  it  by  time, 
and  Hill  more  fpeedily  by  the  influence  of  light. 

**  Exp.  II.  The  fame  experiment  repeated  with  pure  alco¬ 
hol  was  attended  with  too  little  piece  ft  to  make  the  refult  he  con - 
fidered  as  a  varnifh.  The  alcohol  appeared  milky,  and  the 
copal  formed  at  the  bottom  of  the  veil'd  a  mafs  which  did  not 
feem  to  have  decreafed  in  volume.  Next  morning  the  inter- 
pofed  part  of  the  copal,  which  altered  the  limpidity  ot  the  al¬ 
cohol,  was  precipitated,  and  adhered  to  the  Tides  of  the  glafs. 
The  procefs  I  have  deferibed  for  fpirituous  tinCture  of  amber 
would  give  more  hopes  of  fuccefs  without  any  intermediate 
fubdance.” 

“  In  regard  to  the  means  propofed  by  the  medium  of  am¬ 
monia,  the  (aline  nature  of  that  liquid,  if  the  procefs  fucceeds, 
will  not  admit  of  the  produCt  being  placed  in  the  clafs  of  var- 
niflies  defined  for  delicate  painting.  It  is  a  kind  of  faponace- 
ous  compound,  the  ufc  of  which  is  not  to  he  recommended  in  fueh 
cafes.” 

The  paffage  above  quoted  undoubtedly  relates  to  a  paper 
which  I  communicated  feveral  years  ago  to  the  Society  for  the 
Encouragement  of  Arts,  &c. 

This  paper  was  wholly  tranferibed  *  into  fome  periodica) 
publications,  and  parts  of  it  into  others;  it  may  therefore  be 
neceflary  to  obferve  that  when  reference  is  made  to  the  original 
paper,  it  mud  be  underdood  to  mean  as  it  was  printed  in  the 
Society's  TranfaCtions,  and  not  to  any  imperfect  extracts  that 
may  have  been  made  from  it. 

Mr.  Tingry  fhould  have  been  fenfible  of  the  danger  in  op- 
podng  a  conjecture  or  opinion  purely  fpeculat  ire,  to  what  is  de¬ 
feribed  as  a  fact  that  had  been  demonftrated  by  experiment.  Since 
it  is  more  probable  that  the  conjecture  fhould  be  unfounded,  or 
the  opinion  untrue,  than  that  a  man  fhould  forfeit  his  reputation 
with  the  public  by  relating  that,  as  having  been  demondrated 
by  experiment,  which  the  perfon  who  contradicts  him  fays 
cannot,  in  the  nature  of  things  be  true,  even  if  the  procefs 
fucceeds  ;  As  it  is  the  intention  of  your  valuable  Journal  to  pro¬ 
mote  the  caufe  of  faience*  and  as  that  caufe  will  be  as  effeCt  - 


*  See  our  Journal,  I,  230. 


uallv 


ON  COPAL  VARNISHES. 


153 


ually  ferved  by  the  detection  of  errors,  as  by  the  promulgation 
of  new  facts,  I  truft  you  will  favour  me  by  inferring  the  follow¬ 
ing  obfervations  on  thofe  patTages  which  I  have  quoted  from 
Mr.  Tingry’s  work;  beginning  with  that  in  which  he  attempts 
to  demolifh  one  part  of  difcovery  (if  it  may  be  fo  called)  with¬ 
out  ufing  one  experiment  as  the  intirument  of  deftrudrion. 

“  In  regard  to  the  means  propofed  by  the  medium  of  am¬ 
monia,  the  faline  nature  of  that  liquid,  if  the  pr ocefs  fucceeds, 
will  not  admit  of  the  product  being  placed  in  the  class  of  var¬ 
nishes,  deftined  for  delicate  painting;  it  is  a  kind  of  fapona- 
ceous  compound ,  the  uje  of  •which  is  not  to  be  recommended  in Juch 
cafes  ” 

In  oppofition  to  all  this  I  have  but  a  fimple  fadt  to  produce:  Inftances  of . 

viz.  It  is  many  years  fince  I  diffolved  copal  by  the  procefs  al- ed^wkh  Ae  copal 

luded  to;  and  actually  varnithed  fevera!  pictures  with  the  folu-  many  years  ago, 

tion  fo  prepared:  thofe  pictures  appeared  to  tliine,  or  bear  out,  ^Texcd1” 

as  artifts  call  it,  as  well  as  if  they  had  been  covered  with  any  lent  condition* 

other  varnifh;  the  colour  of  the  varniAi  has  not  changed  in  the 

leatt,  which  mod  other  varnithes  would  have  done  in  the  fame 

time;  they  have  flood  in  a  fmoky  houfe  in  London  the  whole 

time,  have  been  repeatedly  walhed  with  warm  water,  and 

cleaned  with  fpirit  of  turpentine;  and  notwithftanding  all  this, 

they  ftill  preferve  their  glody  appearance  undimimfhed.  If  a 

folution  which  is  proved  by  the  experience  of  many  years  to 

poffefs  thefe  properties  in  an  eminent  degree,  does  not  deferve 

to  be  admitted  into  the  clafs  of  varnifhes,  it  is  not  eafy  to  tell 

to  what  fubdance  Mr.  Tingry  will  grant  that  didindtion. 

Having  faid  thus  much  for  the  fadr,  we  may  venture  to  pro-  The  ammonia 
ceed  to  the  theory  :  When  ammonia  and  copal  were  mentioned,  Plob  ibly  £orrns 

J  r  1 ,  no  part  or  the 

the  combination  of  both  thofe  (ubdances  with  the  fpirit  of  tur-  compound ;  but 

pentine  appeared  to  Mr.  Tingry  to  be  fo  much  a  matter  of  this  is  of  no 

practical  conic* 

courfe,  that  he  took  it  for  granted,  and  drew  all  the  conclu-  qUence, 
dons  from  it  without  making  a  (ingle  experiment  to  prove  the 
reality  of  the  fact,  had  he  done  fo,  even  he,  with  the  drong 
prejudices  he  evidently  has  upon  this  fubjedt,  might  have 
doubted  if  the  ammonia  entered  into  the  compoftionat  all;  to  me 
it  appears,  after  attending  carefully  to  the  phenomena  of  the 
folution,  that  it  does  not;  but  without  determining  pofitively 
on  the  fubjedt,  I  fhall  deferibe  thofe  phenomena,  and  leave 
your  readers  to  judge  for  themfelves. 


The 
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Particular  <Je- 
fcnption  of  the 
procefs  for  copal 
in  fp,  of  turpen¬ 
tine  by  amrao- 
ra. 


The  fuccefs 
depends  on  the 
management  of 
the  circum- 
ftances. 


Excellence  of 
this  varnifh,  &c 


Hint  which  pro 
duced  the  dis¬ 
covery. 


The  copal  mud  be  grofsly  powdered  and  put  into  a  conve¬ 
nient  glafs  vefifel;  the  fpirit  of  turpentine  and  ammonia  muft 
be  well  fiiakcn  together,  and  the  mixture  poured  upon  the  co¬ 
pal;  the  veflel  clofed,  and  fo  much  heat  applied  as  fhall,  as 
fpeedily  as  poffible,  make  the  fpirit  boil  fo  (lowly  that  the  bub¬ 
bles  may  be  counted  as  they  rife  to  the  furiace;  it  this  is  fkil- 
fully  performed,  the  folution  is  feen  to  take  place  in  the  follow¬ 
ing  manner;  the  mixture  has  a  milky  appearance  when  firlt 
applied  to  the  copal ;  the  upper  furiace  fir  ft  becomes  clear,  the 
cloud  gradually  fublides,  and  attaches  itfelf  to  the  copal,  which 
fvvells  and  becomes  opaque;  a  portion  of  it  in  a  diffolved  flate 
gradually  exudes  with  the  air  bubbles,  and  diffufes  itfelf  in  the 
fpirit,  and  this  continues  till  it  has  taken  up  as  much  as  can  be 
fufpended  in  it ;  no  more  is  then  diffolved:  It  is  on  the  fkilful 
management  of  thefe  circumitances  that  the  fuccefs  of  the 
procefs  depends;  for,  if  lefs  heat  than  the  degree  required  be 
given,  the  folution  flops ;  if  more,  the  bits  of  copal  inffead 
of  being  opaque  and  adhering  together  at  the  bottom  of  the 
veffel,  refume  their  tranfparency,  and  are  agitated  feparately 
by  boiling  of  the  fpirit;  and  when  either  of  thefe  accidents 
happened,  I  could  never  afterwards  diffolve  the  fame  portion 
of  copal  either  in  the  fame  or  any  frefh  portion  of  fpirits.  If 
I  might  venture  to  explain  thefe  phenomena,  I  fliould  fay,  that 
the  ammonia  gradually  quits  the  fpirit  of  turpentine,  and  unites 
with  the  copal,  and  reduces  it  to  fuch  a  llate,  that  with  the 
affiffance  of  the  peculiar  degree  of  heat  that  I  have  deferibed, 
the  fpirit  of  turpentine  is  enabled  to  diffolve  fo  much  as  will 
form  a  varnifli;  but,  if  either  more  or  lefs  heat  is  applied,  the 
copal  cannot  be  diffolved,  and  then  the  operation  is  abortive. 

Whether  this  explanation  be  fatisfa&ory  or  not  is  of  final  1 
’  ccnfequence,  the  exiftence  of  pictures  in  my  poffeflion,  which 
were  varnifhed  with  this  folution  many  years  ago,  and  hill  re¬ 
main  more  perfect  than  they  w'ould  have  been  if  covered  with 
any  other  varnifh,  is  fufficient  to  prove  that  all  Mr.  Tingry  has 
faid  on  this  fubjeft  has  not  the  fmallett  foundation  in  truth. 

I  had  examined  all  the  books  which  I  had  accefs  to,  without 
getting  any  information  relpefling  the  folution  of  copal  for  the 
purpofe  of  making  varnifli,  till  in  Lewis's  tranflation  of  Neu¬ 
man’s  works  I  found  the  following,  Vol.  II.  p.  27.  “  Solutions 
of  copal  have  been  greatly  efteemed  as  varniffies,  and  the  me¬ 
thod  of  making  the  folution  kept  a  fecret  in  particular  hands: 

Junker 
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Junker  informs  us  that  it  readily  fucceeds ,  if  fpirit  of  faUammo - 
niac,  mixed  with  a  due  proportion  of  oil  of  fpike  or  oil  of  tur¬ 
pentine,  be  ufed  as  the  menftruum.”  Upon  this  tint  I  pro¬ 
ceeded  till  I  had  difeovered  the  procefs  I  have  deferibed  ;  but, 
though  the  varnifh  anfwered  every  purpole  I  could  with,  the 
trouble  of  making  it  being  great,  and  the  failure  of  the  procefs 
fo  frequent  that  1  determined  to  feek  for  fome  more  convenient 
method. 

Having  found  that  copal,  when  powdered  and  rubbed  in  the  Invention  of 
mortar  with  a  fm  >11  quantity  of  camphor,  became  foft,  and  in  a  ^amPhor  “  a 
few  minutes,  united  in  one  coherent  mafs,  I  conjeftured  that  by  than  ammonia, 
means  of  camphor,  copal  might  be  diffolved  in  alcohol,  and 
upon  trial  found  that  it  might  be  fo  diflolved,  and  rendered  fit 
for  the  purpofes  of  varnifh  ;  this  I  did,  not  by  way  of  experi¬ 
ment,  but  in  confiderable  quantities  and  at  various  times;  fo 
often,  that  I  am  authorifed  to  fay,  that  if  the  materials  are 
good,  and  the  procefs  I  have  deferibed  in  the  Tranfa&ions  of 
the  Society  for  Encouragement  of  Arts  be  followed,  there  can 
be  no  difficulty  in  making  a  colourlefs  fpirit  varnifh  from  copal ; 
and  as  a  proof  that  this  may  be  done,  I  fend  you  a  fmall  quan¬ 
tity  that  I  made  fome  time  ago,  and  which  will  enable  you  to 
judge  whether  it  deferves  to  be  (t placed  in  the  clafs  of  varnifhes.” 

But  as  it  is  improper,  for  many  reafons,  to  varnifh  pictures  Sp.  ofturpen- 
with  any  fubftance  diffolved  in  alcohol,  I  tried  to  ditTolve  the  t^icohol'3^ 
copal  in  fpirit  of  turpentine  by  the  intervention  of  camphor, 
and  fucceeded  ;  not  fo  eafily  indeed  as  in  alcohol,  but  always 
with  the  certainty  of  fuccefs,  when  the  precautions  I  have  de¬ 
feribed  were  obferved;  this  has  been  uniformly  the  cafe  with 
myfelf  for  feveral  years,  as  well  as  feveral  artifls  who  have 
made  the  trial ;  and  it  has  now  been  proved  by  many  years  ex¬ 
perience  that  copal  diffolved,  by  means  of  camphor,  in  fpirit  of 
turpentine,  is  as  colourlefs  as  the  refin  itfelf  and  perhaps  as  T^s  varn^  *lS 
durable,  fince  pi6tures  that  have  been  varn i filed  many  years  alfo  excellent, 
with  it  have  been  preferved  without  the  lead  change  even  in 
the  colour  of  the  varnifh,  which  would  not  have  been  the  cafe 
had  any  other  fubftance  been  ufed. 

As  Mr.  Tingry’s  experiments  lead  to  very  different  conclu- 
fions,  I  am  compelled  to  fuppofe,  either  that  they  were  inac¬ 
curately  made,  or  that  the  copal,  camphor,  alcohol,  and  * 

fpirit 


*  Mr.  Tingry  himfelf,  as  be  fays ,  tried  to  diffolve  copal  in  fpirit 
of  turpentine,  and  the  procefs  did  not  fucceed ;  his  notion  that  the 

fpirit 
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N  urative  of  an 
artift  who  did. 
not  fucceed  in 
the  procefs. 
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fpirit  of  turpentine  in  his  country  are  very  different  from  the 
fubftances  which  are  fold  by  the  fame  names  in  this. 

My  intention  in  communicating  thole  papers  to  (he  Society 
was  to  a  111  ft  thofe  who  are  engaged  in  the  praftice  of  the  arts, 
by  making  public  a  method  of  making  a  varnifh  that  nmft  be 
valuable  to  them  :  and  I  have  been  induced  to  trouble  you  with 
this,  in  hopes  that,  by  printing  it,  you  may  prevent  thofe  falfe 
notions,  which  might  be  formed  upon  Mr.  Tingry’s  experi¬ 
ments  from  gaining  credit ;  to  which  you  will  allow  me  to  add 
fuch  hints  and  improvements  as  may  prevent  difappointment  to 
thofe  who  undertake  to  prepare  this  varnifh  for  themfelves  in- 
ftead  of  depending  upon  thofe  w  ho  make  it  for  fale  ;  this  every 
artift  fhould  do  if  he  refolves  to  have  it  perfect  ;  for,  though 
I  do  not  mean  to  fuppofe  that  every  maker  of  varnifh  will  fub- 
ftitute  inferior  articles,  yet  it  is  certain  that  where  the  price  of 
one  article  is  higher,  becaufe  it  is  really  valuable,  and  difficult 
to  make,  many  dealers  will  fubftitute  fomething  inferior  that 
produces  more  profit  to  himfelf,  without  conildering  whether 
it  may  not  be  injurious  to  thofe  who  are  to  ufe  it. 

I  had  feveral  times  given  fome  of  my  varnifh  to  an  artift, 
who  liked  it  fo  well  that  he  requefted  I  would  inftruct  him  to 
make  it  himfelf,  inftead  of  making  frequent  applications  to  me 
for  it:  I  procured  him  the  necetfary  apparatus,  and  gave  him  a 
written  account  of  the  procefs,  with  fuch  verbal  inftructions 
as  I  could  add  to  it,  and  left  him  to  procure  his  own  materials 
and  proceed  to  work  by  himfelf;  he  did  fo,  and  did  not  fuc¬ 
ceed  in  diflolving  the  copal  ;  he  tried  a  fecond  and  third  time 
with  no  more  fuccefs;  he  then  brought  his  materials  to  me, 
requefted  that  I  would  trv  if  I  could  dilTblve  them  ;  which  ex¬ 
periment  would  determine  whether  his  materials  were  bad,  or 
whether  there  was  any  defedt  in  his  manner  of  attempting  the 
procefs  :  this  I  refolved  to  undertake ;  ufing  the  fame  fpirit 

fpirit  I  ufed  had  by  chance  obtained  thofe  powers  for  diflolving  copal 
which  he  endcavaurs  to  give  it  by  time ,  See.  is  pcrfe&ly  ridiculous. 
You  and  your  Englifh  readers  will  know  that  in  faying  I  did  not 
fucceed  when  I  ufed  fpirit  of  turpentine  from  the  colour  fliops,  but 
always  did  when  I  got  the  fpirit  from  Apothecaries  Hall,  I  meant 
that  at  the  latter  place  I  always  obtained  the  beft  article  of  the  kind, 
inftead  of  the  inferior  articles  which  are  fold  by  the  fame  name  in 
other  places,  though  totally  unfit  for  this  purpofe. 

and 
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ami  copal  which  lie  had  thrice  attempted  in  vain  to  diffolve; 
and  at  the  fame  time  fubje&ing  another  portion  of  isy  own 
materials  to  the  fame  procefs  in  every  particular  :  I  fucceeded 
in  both  inflances  :  the  only  difference  was  that  the  folution 
which  I  produced  from  the  materials  which  had  been  tried  by 
my  friend  was  not  fo  vifcid  as  that  which  was  obtained  from 
the  freih  materials. 

As  the  procefs  which  I  have  ufed  for  fome  time  paft  is  dif  Improved 
ferent  from  and  better  than  that  which  I  communicated  to  the  Procefi’ 
Society,  and  has  been  publifhed  in  their  Tran  factions,  I  truft 
you  will  excufe  me  for  defcribing  it  here;  it  is  fucli  an  one  as 
may  be  fuccefsfully  ufed  by  any  perfon  upon  a  common  fire, 
without  any  danger,  and  which  any  man  of  fcience,  or  who 
may  chufe  to  adopt  in  a  large  way,  may  eafily  modify  fo  as  to 
anfwer  his  purpofe. 

Provide  a  ffrong  veffel  made  of  tin  or  other  metal,  it  fhould  Safe  and  eafy 
be  ffiaped  like  a  wine  bottle  and  capable  of  holding  two  quarts ;  ^^0^ var^ 
it  will  be  convenient  to  have  a  handle  ffrongly  rivetted  to  the  nifh. 
neck ;  the  neck  fhould  be  long  and  have  a  cork  fitted  to  the 
mouth,  but  a  notch  or  fmall  hole  fhould  be  made  in  the  cork, 
that,  when  the  fpirit  is  expanded  by  heat,  a  fmall  portion  may 
force  its  way  through  the  hole,  and  thus  prevent  the  veffel  from 
burfting. 

Diffolve  half  an  ounce  of  camphor  in  a  quart  of  fpirit  of  tur¬ 
pentine,  and  put  it  into  the  veffel  ;  take  a  piece  of  copal  the 
fize  of  a  large  w'alnut,  reduce  it  to  coarfe  powder  or  very' 
fmall  pieces;  put  them  into  the  tin  bottle,  fatten  the  cork  down 
with  a  wire,  and  let  it  as  quick  as  poffible  upon  a  fire  fo  brill: 
as  to  make  the  fpirit  boil  almott  immediately  ;  then  keep  it 
boiling  very  gently  for  about  an  hour,  when  fo  much  of  the 
copal  will  be  diffolved  as  will  make  a  very  good  varnilh  ;  or, 
if  the  operation  has  been  properly  begun,  but  enough  copal 
has  not  been  dittblved,  it  may  be  again  put  on  the  fire,  and  by 
boiling  it  (lowly  for  a  longer  time,  it  may  be  at  laft  brought  to 
the  conffttence  defired. 

The  rationale  of  the  operation  I  believe  will  be  nearly  as  Explanation  of 
follows  :  copal  and  camphor  have  lo  ttrong  an  affinity  for  each  procefs; 
other,  that  when  feparately  powdered  and  then  rubbed  toge¬ 
ther,  the  copal  abforbs  the  camphor,  fwells,  foftens,  and  be¬ 
comes  one  coherent  mafs;  nor  when  once  united  do  they  eafily 
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feparate  again  *.  When  the  camphor  is  dilfolved  in  the  fpirili 
the  final!  bits  of  copal  thrown  into  it  and  inftantly  made  to  boil, 
the  motion  of  ebullition  keeps  the  camphor  fufpended,  moves 
the  copal  about  in  the  fpirits,  the  (urface  of  each  bit  of  copal 
is  dilfolved,  and  the  whole  of  it  foftened  and  enlarged,  and  by 
.—and  why  Mr.  continual  boiling  may  be  dilfolved  ;  but  my  friend  did  not  pro- 
S/s  friend  tailed.  Ceed  in  this  way  ;  he  reduced  his  copal  to  a  very  fine  powder, 
thinking,  perhaps,  that  would  facilitate  the  folution  ;  he  then 
added  the  camphor,  diflolved  in  the  fpirit  of  turpentine,  but 
fearful  of  giving  too  much  heat,  fet  it  by  the  fide  of  his  fire 
till  it  was  warmed,  then  moved  it  into  a  warmer  place,  and 
at  laft  made  it  boil ;  the  confequence  was  that  the  camphor  +  left 
the  fpirit  and  united  with  the  copal  to  form  one  (olid  coherent 
mafs  at  the  bottom  of  the  veflel  ;  the  thicknefs  of  this  mafs 
prevented  the  heat  from  penetrating  to  the  fpirit  fo  foon  as  it 
otherwife  would  have  done;  and,  when  at  lafl:  it  did  boil,  the 
camphor  had  entirely  left  it,  and  of  courfe  it  was  impoifible 
that  any  folution  (hould  take  place. 

Three  times  was  the  folution  attempted  in  this  manner,  but 
when  on  a  fourth  trial  by  myfelf  a  fufficient  quantity  of  cam¬ 
phor  was  added  and  the  boiling  heat  immediately  applied,  the 
folution  went  on,  but  not  fo  favourably  as  in  my  other  attempt, 
becaufe  the  copal  was  united  into  one  mafs  at  the  bottom  of 
the  veflel,  and  no  more  could  be  expofed  to  the  action  of  the 
folvent  than  the  furface  ;  but,  in  the  other  experiment  the 
copal  was  broke  into  very  (mall  bits  and  the  furface  of  each 
expofed  to  the  full  adtion  of  the  folvent ;  of  courfe  a  greater 
quantity  was  dilfolved  in  the  fame  fpace  of  time. 

The  inftanceof  Had  this  gentleman  been  fatisfied  with  the  experiment  he 

failure  here  tried  by  himfelf,  he  might  have  reported,  from  his  own  expe- 
xnentioned  might  .  J  ,  r 

have  been  urged  rience,  that  copal  could  not  be  diflolved  by  the  procefs  I  had 

again  ft  the  deferibed  ;  and  yet  in  point  of  fadf,  nothing  could  have  been 

more  untrue:  from  this  it  may  be  fairly  deduced  that  when 

perfons  who  are  unufed  to  fuch  experiments  do  undertake  them 

they  fliould  be  fcrupuloully  exadl  in  following  the  directions 


*  Six  months  ago  I  reduced  fome  copal  to  this  ftate ;  it  has  re¬ 
mained  ever  lince  expofed  to  the  open  air  in  a  hot  room,  and  ftill  re¬ 
mains  foft,  the  particles  adhering  to  each  other. 

f  When  the  fpirit  of  turpentine  was  poured  off  from  the  copal, 
it  was  perfectly  colourlefs,  and  by  the  fmcll  did  not  in  the  lead  in¬ 
dicate  the  prefence  of  camphor. 

given 
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given  to  them,  and  on  any  apparent  failure,  refort  to  thofe 
whofe  experience  may  enable  them  to  detect  any  fallacy  there 
may  be  in  the  proceeding. 

As  it  is  well  known  that  folution  of  copal  is  the  mod  valu- Remarks  and 
able  of  thofe  varnifhes  which  can  be  ufed  for  the  finer  works  ofcauti0ns» 
art,  and  as  it  is  proved  that  by  the  procefs  I  have  defcribed, 
thefe  folutions  may  beeafily  made  by  any  one  in  almoft  any 
(ituation,  it  only  remains  to  mention  fome  cautions  which  axe 
necelfary  to  enfure  fuccefs. 

Firfi,  That  the  fpirit  and  camphor  fhould  be  united  before 
the  copal  is  added. 

Secondly,  That  the  copal  fhould  be  grofsly  powdered  before 
it  is  added  to  the  fpirit,  the  whole  fhould  then  be  made  to  boil 
as  quickly  as pojfiblc,  but  not  violently,  and  that  ebullition  fhould 
be  kept  up  regularly  till  the  folution  be  compleat. 

There  feems  to  be  no  difadvantage  in  ufing  too  much  cam-  EfFe&s  of  an 
phor  if  it  fhould  fo  happen ;  but  it  is  difadvantageous  to  put  °^verdoie 
in  too  little  copal;  becaufe  a  certain  quantity  of  fpirit  will0fc0pa]t 
take  up  a  given  quantity  of  copal;  and  if  more  is  added  than 
will  be  diffolved,  the  fuperabundant  copal  will  abftract  more 
camphor  from  the  liquid,  and  thus  render  the  folution  more 
tedious  and  difficult,  and  fometimes,  perhaps,  entirely  pre¬ 
vent  it. 

The  advantage  that  attends  the  ufe  of  glafs  veffels  is  that  the  Glafs  vefiels  and 
folution  may  be  feen  all  the  time  it  is  going  on  ;  the  difadvan-thofe  metai 
tage  is  that  perfons  who  are  not  accuftomed  to  fuch  purfuits,  P  red* 
may  inadvertently  give  too  much  heat,  and  thus  fubjedl  them- 
felves  to  ferious  accidents  ;  but  by  ufing  vefTels  of  metal  with 
the  precautions  I  have  given,  no  accident  can  happen ;  the 
only  difadvantage  is  that  they  cannot  fee  what  they  are  doiqg  ; 
this  is  of  fmall  confequence,  as  it  may  always  be  determined 
with  fufficient  accuracy  by  the  ear  whether  the  fpirit  boils,  and 
to  what  degree  ;  and  as  no  accident  can  happen,  without  very 
grofs  negle6f,  from  the  ufe  of  them,  they  certainly  fhould  be 
preferred. 

As  I  have  written  more  than  I  at  firfl  intended,  I  (hall  con-  Conchdiofi. 
elude  with  a  requeft  that  you  will  ufe  your  diferetion  in  omit¬ 
ting  any  part  or  rejecting  the  whole  of  what  I  have  written, 
it  you  think  the  publication  will  not  anfwer  any  ufeful  purpofe. 

I  fend  with  it  a  fmall  quantity  of  copal  diffolved  in  alcohol,  and 
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another  in  fpirit  of  turpentine,  which  will  enable  you  to  fatisfy 
yourfelf  and  your  readers  whether  thele  lolutions  defcrve  to  be 
placed,  in  the  clafs  of  varnijhcs,  and  remain 

Your  moft  obliged  fervant, 

T.  SHELDRAKE. 

No.  5,  Montague- Street, 

Bujjel- Square, 


IV. 

Reply  to  Mr .  Dalton,  on  the  Conjlitution  of  Mixed  Gafts, 

By  Mr.  John  Gough. 

To  Mr.  NICHOLSON. 

SIR,  Middlefhaw ,  0&.  16,  1801. 

I  DID  not  attack  Mr.  Dalton’s  opinions  openly,  until  he  had 
invited  me  to  do  it ;  the  attempt  has  been  made  on  my  part 
purfuant  to  his  requeft  ;  and  he  has  replied,  but  in  a  manner 
which  teems  better  calculated  to  amufe  the  fuperficial  reader, 
than  to  convince  the  reafoner :  For  he  treats  the  lubjefr, 
fometiines  with  acrimony,  and  fometimes  with  ridicule ;  in 
the  mean  time  his  arguments  are  but  few,  and  thefe  appear  to 
be  negligently  conduced.  A  bare  infpedtion  of  his  own  letter 
will  fupport  the  two  firtl  charges,  and  I  will  now  enter  upon 
the  defence  of  the  third. 

Mr.  Dalton  begins  by  pronouncing  the  diflin£tions  which  I 
make  betw'ixt  a  mechanical  hypothefis  and  theory,  to  be  nu¬ 
gatory  ;  notwithlfanding  the  caufes  of  thefe  diftinftions  are 
fully  Hated  in  my  Stri&ures.  Now  controversy  is  of  a  nature 
which  always  obliges  a  man  to  point  out  the  fallacy  or  futility 
of  his  opponent,  when  he  can  do  it  with  luccefs ;  but  this  has 
been  negledled  by  Mr.  D.  in  relation  to  my  diftin£tions,  and  I 
leave  him  to  draw  the  inference  which  refults  from  thefe  ob¬ 
servations. 

Mr.  D.  proceeds,  in  the  next  place,  to  demonflrate  the  fun¬ 
damental  proportion  of  his  hypothefis;  namely,  the  mutual 
penetrability  of  gafes  which  do  not  attraft  nor  repel  each  other. 
For  this  purpofe  he  remarks,  that  oxigen  repels  oxigen,  but 

not 
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not  azote.  This  aflum^tion  is  fairly  allowed  to  be  a  populate 
by  Mr.  Dalton ;  and  he  then  proceeds  to  obferve,  that  this 
being  admitted,  it  follows,  that  if  a  meafure  of  oxigen  be  put 
to  one  of  azote,  the  oxigen  finding  it,  viz.  the  azote,  porous, 
enters  its  pores,  and  vice  vtrfa,  &c.  But  here  a  fecond  and 
an  eflential  populate  is  fiily  introduced  into  the  fyllogifm,  un¬ 
der  the  form  of  an  inference ;  becaufe  no  ftriCt  logician  will 
venture  to  lay  that  a  body.  A,  mufl  be  porous  of  neceflity, 
becaufe  it  repels  a  body  B  ;  on  the  contrary  he  mud  conclude, 
that  this  miitake  in  his  art  dedroys  the  demondration,  and 
does  not  retrieve  the  doCtrine  from  the  imputation  of  being  an 
hypothefis.  The  fimile  of  the  philofopher,  cottager,  and  fieve,  Mr.  D.’s  fixniic 
may  be  calculated  to  promote  ridicule,  but  it  is  badly  chofen  j  incorre<^> 
for  it  is  impoflible  to  demondrate  'the  propofed  problem  from 
Euclid’s  Elements,  becaufe  this  work  confines  its  fpeculations 
to  abflradt  figures  and  magnitudes.  But  a  mathematician 
might  demonlirate  the  fame  to  a  brother  mathematician,  from 
the  elements  of  the  mechanical  philofophy  ;  and  he  ought  to 
have  his  demondration  ready  upon  demand,  which  is  not  the 
cafe  of  Mr.  D.  in  the  indance  of  his  fundamental  propo¬ 
rtion. 

It  is  a  matter  of  fome  furprife,  that  Mr.  D.  has  drawn  his  The  fecond  pof- 

demondration  from  the  mutual  affections  afcribed  by  him  to  t“late^alfe  m 

i  the  mltance  of 

oxigen  and  azote;  feeing  I  had  profeffedly  attempted  to  die w  vapour  and aur, 
the  fallacy  of  his  fecond  and  eflential  poflulate,  by  afcribing 
the  fame  affections  to  aqueous  vapour  and  the  permanent  gafes 
of  the  atmofphere.  This  unfortunate  choice  obliges  my  oppo¬ 
nent  to  be  content  with  a  diflant  fide-view  of  the  arguments 
which  have  been  brought  againfi  him  ;  whereas  a  driCter  ob¬ 
servance  of  the  path  *  chalked  out  for  him  in  my  Strictures, 
would  have  given  him  an  opportunity  to  confront  them,  and 
defend  his  atmofphere  of  fleam.  The  thing  however  has 
turned  out,  for  fome  reafon  or  other,  as  it  is  here  reprefented; 
and  Mr.  D.  arrives  very  briefly  at  the  following  Angular  con- 
clufion  ;  that  though  the  demonflration  of  my  propofition  re- 
IpeCting  air  and  vapour,  be  rigid,  the  previous  data  are  not 
correCtly  affirmed.  Now  this  is  the  point  which  I  endeavoured 
to  eftablifh  in  the  propofition  alluded  to  above;  for  his  fecond 
poflulate  makes  one  of  the  incorrect  data  ;  in  fact,  they  are  all 

9  9  | 
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his  own  except  this :  If  a  particle  of  vapour  can  pafs  freely 
through  the  air,  a  fecond  can  alfo  fucceed  it  at  any  given 
difiance.  My  antagonift  will  certainly  grant  me  this  con- 
ceffion  ;  becaufc  the  falvation  of  his  aqueous  atmofphere  obliges 
him  not  to  fufpedt  it.  Should  this  indulgence  be  extended  to 
my  Stri&ures,  the  demonftration  in  queftion  mud  be  re-exa¬ 
mined  with  greater  diligence  by  Mr.  Dalton ;  for  if  it  cannot 
be  refuted,  it  will  manifeflly  do  away  his  atmofphere  of  free 
vapour,  by  proving  the  abfurdity  of  his  fecond  podulate  in  the- 
cafe  of  air  and  water;  and  the  fame  obfervation  may  alfo  be 
extended  to  all  the  permanent  gafes  which  are  not  abforbed  by 
water ;  becaufe  no  fluid  of  this  defcription  forces  water  to  pals 
through  its  pores  by  prefling  upon  it. 

The  ufe  of  tht  After  all,  if  we  may  judge  from  Mr.  Dalton's  reply,  he  ap- 
analyfi?131176  Pears  not  to  comprehend  my  arguments  on  this  fubjecl :  they 
have  however  nothing  of  novelty  in  them  ;  for  the  bed  rea. 
foners  in  all  ages  have  not  hefitated  to  admit  a  hypothefls  is  for 
the  foie  purpofe  of  difcovering  its  worth,  by  comparing  the 
confequences  refulting  from  it  with  known  fads.  This  kind 
of  argumentation  was  in  great  efleem  w  ith  the  Greek  mathe¬ 
maticians,  and  Pappus  of  Alexandria  has  described  and  re¬ 
commended  this  fpecies  of  logic  under  the  name  of  the  con¬ 
templative  analyfis. 

Fa&soppofing  Mr.  Dalton  fays,  he  is  acquainted  with  no  fafis  that  con- 
the  hypothefis.  ^racjj^  what  I  call  his  experimental  probabilities.  I  can  fur- 
nifti  him  with  one  to  which  perhaps  he  is  a  dranger,  and  re¬ 
mind  him  of  another,  which  he  will  not  dilpute :  it  will  there¬ 
fore  be  his  bufinefs  to  reconcile  them  to  the  hypothefis  of  an 
aqueous  atmofphere. 

An  experiment  Fir  ft,  Mr.  Kirwan,  in  the  courfe  of  his  datical  experiments 

ly  Mr.  Kirwan.  on  ajr^  condantly  found  a  given  bulk  of  it  to  be  lighter,  ceteris 
paribus ,  when  De  Sauflure's  hygrometer  was  at  90°,  than 
when  the  atmofphere  was  lefs  humid.  Now  according  to 
Mr.  D.'s  hypothefis,  all  the  permanent  gafes,  of  this  given 
bulk,  had  the  fame  weight  both  in  the  dry  and  moid  date  of 
the  air  ;  becaufe  they  were  of  the  fame  denfity  on  account  of 
the  ccettris  paribus :  but  the  aqueous  vapour  was  mod  abun¬ 
dant  when  the  weight  of  the  aggregate  was  lead  ;  that  is,  the 
weight  of  vapour  diminidies,  while  its  denfity  increafes.  Will 
Mr.  D.  admit  the  truth  of  the  preceding  conclufion,  to  the 
detriment  of  his  own  do&rine ;  or  will  he  refute  the  infer¬ 
ence,  by  denying  the  faft  ? 
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Second ,  If  the  latter  alternative  ffiould  be  preferred,  the  An  experiment 
following  experiment,  with  which  Mr.  D.  is  already  ac- m0lft 
quainted,  remains  to  be  explained  by  the  principles  of  his 
hypothefis,  due  attention  being  at  the  fame  time  paid  to  the 
axioms  of  Dynamics. 

A  moift  bottle,  which  I  had  found  would  contain  7794- 
grains  of  water  of  the  temperature  of  59°,  was  placed  in 
water  heated  to  126°,  having  its  mouth  elevated  about  two 
inches  above  the  (urface.  This  aperture  was  covered  by  my 
hand  ;  which  was  occafionally  removed  for  an  inftant,  that  the 
warm  air  might  efcape.  At  the  end  of  two  minutes  the  bottle 
was  inverted  in  cold  water,  the  mouth  of  it  being  firft  fecured 
in  the  manner  defcribed  above;  in  which  fituation  the  tem¬ 
perature  of  it  w'as  again  reduced  to  59°.  The  air  remaining 
in  it  after  refrigeration,  occupied  6172  of  the  7794  parts  con¬ 
stituting  the  capacity  of  the  bottle.  From  this  fact  I  infer, 
that  6172  parts  of  air  of  59°,  will  occupy  7794  fuch  parts 
after  being  raifed  to  126°  in  contact  with  moift  glafs.  But 
6172  parts  of  dry  air  of  59°,  will  only  occupy  6992. C6  parts, 
after  being  heated  to  126°  in  a  dry  tube:  Thus  it  appears 
that  the  prefence  of  water  augmented  the  bulk  of  the  air 
which  I  ufed ;  how  is  this  difficulty  to  be  explained?  V\re 
have  no  ftopple  of  mercury  in  this  experiment,  by  help  of 
which  Mr.  D.  explains  the  appearances  of  the  manometer; 
confequently,  as  nothing  was  in  the  way  to  prevent  the  free 
egrefs  of  the  vapour,  it  expanded  itfelf  in  the  bottle,  and 
acted  on  the  air  contained  in  the  fame,  juft  as  it  does  in  the 
atmofphere.  But  it  inereafea  the  bulk  of  this  air,  which  could 
not  be  effected  on  Mr.  D.’s  principles,  otherwife  than  by  dif- 
tending  the  pores  of  it.  Now  his  own  tables  of  the  force  of 
vapour  will  ftiew  this  to  be  impracticable,  if  there  be  any  truth 
in  the  axioms  of  Dynamics.  On  the  contrary,  nothing  oc¬ 
curs  in  the  two  laft  experiments  repugnant  to  chemical  union  ; 
and  as  water  makes  a  part  of  the  atmofphere,  it  muff,  be  at¬ 
tached  to  air  by  the  mediation  of  affinity. 

I  have  now  done  fomething  more  than  anfwer  all  Mr.  Recapitulation 
Dalton’s  objections  :  the  demonftration  of  his  fundamental 
propofition  has  been  (hewn  to  be  no  demonftration  at  all ;  his 
lecond  poftulate  has  been  proved  to  be  falfe,  oy  his  own  data, 
in  the  cafe  of  air  and  vapour ;  laftly,  two  fadts  have  been 
advanced  which  are  inexplicable  by  my  opponent’s  prin- 

M  2  ciples ; 
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clples  :  After  perufing  tliefe  objections,  can  he  blame  me  for 
rejecting  his  hypothecs.  As  for  Mr.  D.’s  remarks  on  my 
theory  of  mixed  gafes,  they  require  no  anfwer ;  becaufe  he 
profefTes  not  to  underftand  it.  I  am  willing,  however,  to 
fubmit  the  merits  of  it,  as  well  as  its  claim  to  the  title  of  a 
theory,  to  thofe  mechanical  philofophers  who  happen  to  com¬ 
prehend  it. 

JOHN  GOUGH. 


V. 

On  the  apparent  Size  of  the  horizontal  Moon .  In  a  Letter  from 

Mr.  Ezekiel  Walker. 

To  Mr.  NICHOLSON. 

DEAR  SIR, 

Enlarged  appear-  w  HEN  the  full  moon  is  jufl  rifing  above  a  clear  horizon, 

ance  of  the  ho-  js  an  0hie6l  that  pleafes  every  eye  :  But  at  the  fame  time 
rizontal  moon.  r  1  ,  J.  J 

that  fhe  pleales  the  eye  of  the  philofopher,  fhe  embarrafTes  his 

reafon,  to  aflign  the  caufe  of  her  apparent  magnitude's  being 
fo  much  greater  near  the  horizon,  than  at  higher  elevations. 
Attempts  to  ac-  When  men  in  former  ages  began  to  reafon  on  this  phenome- 
count  for  it.  non)  q)ey  imagined  that  the  angle  fubtended  by  the  moon,  was 
really  increafed,  by  a  refradlion  of  her  rays,  in  paffing  through 
the  vapours  contained  in  the  air,  near  the  earth's  furface.  But 
when  it  became  known  that  the  fubtended  the  lead  angle  at  the 
eye,  when  her  apparent  magnitude  was  greateft,  philofophers  faid 
that  the  eye  was  impofed  upon  by  the  long  feries  of  obje&s 
interpofed  between  the  eye  and  the  extremity  of  the  fenfible 
hoiizon.  And  after  it  was  difeovered  that  the  fame  pheno¬ 
menon  was  obferved  at  fea,  where  no  land  objects  could  be 
feen,  they  blamed  the  clouds  for  deceiving  them  ;  and  when 
the  clouds  flew  away,  the  fpirit  of  inquiry  flew  after  them, 
to  leek  for  information  in  the  apparent  concavity  of  the  fky. 

Such  were  the  erroneous  opinions  maintained  by  men  of  the 
greateft  celebrity,  both  in  ancient  and  in  modern  times.  To 
mention  any  more  of  them  would  be  ufelefs  labour:  a  Tingle 
quotation  from  Dr.  Smith's  Optics  will,  I  prefume,  be  quite 
fufficient  to  fhfrw  how  little  was  known  of  this  matter  at  the 
time  when  he  wrote. 


After 
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After  the  Profeflor  had  finifhed  his  celeftial  explanation  of 
this  phenomenon,  he  juftly  acknowledges  that,  at  different 
times,  the  moon  appears  of  very  different  magnitudes,  even  in 
the  fame  horizon,  and  occafionally  of  an  extraordinary  large 
fize,  which  he  is  not  able  to  give  a  fatisfadfory  explanation  of. 

Smith’s  Optics,  Vo!.  I.  pa.  63,  &c.  Remarks,  pa.  53. 

It  is  really  aftonifhing,  that  this  phenomenon  fhould  have  re-  Explanation  of- 
mained  fo  long  without  an  explanation  founded  on  a  better  prin-  °hat^the 

ciple  than  that  of  mere  opinion.  That  the  dimenfions  of  the  imagei  on  the 
pupil  of  the  eve  alter  by  the  ftimulus  of  light,  has  long  been  ret‘na  vary  with 
known;  but  I  believe  it  frill  remains  to  be  proved,  that  the  pUpii, 
pidture  of  the  moon  formed  upon  the  retina  is  not  permanent, 
but  varies  as  the  dimenfions  of  the  pupil  vary.  The  following 
experiments  will,  I  hope,  remove  every  doubt  refpeclmg  this 
law  of  vifion. 

To  imitate  the  eye  upon  a  large  fcale,  I  took  an  achromatic  Experiment, 
lens  of  1.6  inches  in  diameter,  and  17  inches  focal  ciiftance,  to  pjaced  before^n 
reprefent  the  cryftalline  humour.  This  I  fixed  upon  a  Hand  in  achromatic  iens, 
a  perpendicular  diredHon,  with  a  moveable  white  fcreen  be-  and  t*iree  aPer- 
bind  it  for  the  retina,  to  receive  the  image  of  a  lighted  candle,  vided, 
which  flood  before  it,  at  the  diftance  of  40  inches.  To  imitate 
the  pupil,  I  took  three  cards,  and  numbered  them  1,  2,  and  3, 

In  No.  1,  I  made  a  circular  hole  half  an  inch  in  diameter,  in 

No.  2  a  hole  of  of  an  inch,  and  in  No.  3,  a  hole  of 

of  an  inch.  •  , 

*  After  I  had  moved  the  fcreen  until  the  image  of  the  candle  Focal  image  by 
appeared  diftindtly  upon  it,  I  found  that  the  length  of  this  ^g^nchct11* 
luminous  pidture  meafured  1.82  inches.  long. 

When  the  card  No.  1,  was  applied  clofe  to  the  lens,  with  Half  air  inch 
the  centre  of  the  hole  againfl  the  centre  of  the  lens,  the  in-  ^ ^^0*” 
verted  image  of  the  flame  of  the  candle,  upon  the  fcreen,  inch, 
meafured  1.46  inches. 

When  the  card  No  2,  was  applied  to  the  lens,  in  the  fame  Three  tenth* 
manner  as  No,  1,  the  image  of  the  flame  meafured  1.3  gave  **3 inch* 
inches. 

And  with  No  3,  the  pidture  of  the  flame  meafured  only  1.2  Two  tenths  gave 

-  *  1*1  inch* 

inches, 

Thefe  experiments  (how  us,  in  theclearefl  manner,  the  caufe  Application  of 
of  that  variation  which  obtains  in  the  apparent  magnitude* 
objedts,  ^  «thetobjetti4 
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That  the  pupil  contracts  as  the  quantity  of  light  which  falls 
upon  the  eye  increafes,  is  well  known. 

And  that  the  magnitude  of  the  pi&ure  of  a  luminous  object 
upon  the  retina,  decreafes  as  the  pupil  contracts,  is  evident 
from  the  experiments. 

Therefore,  the  magnitude  of  the  pi&ure  upon  the  retina, 
decreafes,  as  the  quantity  of  light  falling  upon  the  eye  in¬ 
creafes. 

Hence  the  apparent  magnitude  of  the  moon  is  greatefi:  at  the 
horizon,  and  decreafes  as  fhe  afcends ;  for  the  magnitude  of 
her  picture  upon  the  retina  is  inverfely  as  the  quantity  of  light 
which  fhe  gives  us. 

and  to  the  fun.  The  fun  appears  larger  at  the  horizon  than  at  higher  altitudes, 
for  the  fame  realon  ;  and  terreftrial  objects  feen  through  a  miff 
appear  larger  than  in  a  clear  day,  in  confequence  of  the  fame 
operation  of  the  eye. 

I  am.  Dear  Sir, 

With  much  refpeft. 

Your  humble  Servant, 

E.  WALKER. 

Lynn,  Oft.  13,  1804. 


VL 

Defcription  of  the  Ship  Economy >  200  Tons  Meafurement,  built 
on  the  improved  Conjlruftion  of  Mr .  J.  W.  Boswell.  * 

HE  plan  adopted  in  the  formation  of  this  {hip  is  that  defign- 
ed  for  large  {hips  of  300  tons  and  upwards,  and  the  third  men¬ 
tioned  in  my  fpecification  f. 

Its  external  appearance  is  nearly  the  fame  as  that  of  any  other 

veflfel  of  the  fize,  and  the  outward  planking  done  in  the  ufual 

manner.  It  is  the  internal  conftru&ion  alone  to  which  the  patent 

'  relates,  and  that  is  as  follows : 

Defcription  of  a  The  beft  general  idea  of  it  will  be  obtained  by  conceiving  a 

veflel  framed  in  ve(fe|  built  with  timbers,  or  ribs,  much  fmalier  than  ufual,  with 
a  new  method. 

*  For  which  he  has  a  patent. 

f  SeeVol.II.  Second  Series,  p.  81,  of  Repertory  of  Arts. 

an 
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an  internal  framing,  fo  contrived  as  to  give  every  requifitefup-  Defcription  of  a 
port  and  drength  both  to  them  and  the  entire  veflel,  with  Method!* 
the  lead  timber,  and  of  the  cheaped  form,  and  without  any 
knee-timber. 

The  floor-timbers  are  molded  feven  inches,  and  Tided  fix : 
thefe,  with  four  futtocks  and  two  top  timbers  at  each  fide, 
form  what  is  called  a  frame  of  timbers.  Thofe  fmall  timbers 
are  laid  down  fo  that  their  terminations  all  fall  out  in  fair  lines, 
which  are  nearly  the  fame  as  the  ribband  lines,  when  below  the 
wales.  Along  thofe  lines  infide  are  laid  fore  and  aft  ribs,  from 
dem  to  ftern  pod,  fo  as  to  fupport  the  extremity  of  every  one 
of  the  fmall  ribs  in  the  fliip.  The  fore  and  aft  ribs  are  fix  in 
number  at  each  fide ;  one  directly  under  the  water  ways,  an^ 
other  at  the  level  of  the  lower  beams,  and  the  other  four  placed 
nearly  at  equal  diflances  between  thefe  lad  and  the  kelfon :  each 
pair  uniting  in  a  bread-hook  at  the  dem. 

The  pieces  of  timber  which  form  thefe  fore  and  aft  ribs  are 
fcarfed  at  their  extremities  with  hook  fcarfs,  and  fo  placed  that 
the  fcarfs  fall  out  in  fair  vertical  feCtions  of  the  fhip,  where 
they  are  fupported,  and  firmly  bolted  to  tranfverfe  framings, 
contrived  fo  as  to  unite  the  greateft  drength  with  the  lead  ob- 
ftru&ion,  and  which  are  five  in  number  in  the  whole  fhip. 

Thofe  tranfverfe  framings  lad  mentioned  mud  be  confidered 
as  the  great  fupport  of  the  veflel,  and  the  foundations,  as  it 
were,  on  which  all  the  other  parts  red,  as  the  beams  of  a 
wooden  bridge  are  fupported  by  the  piers.  Thofe  tranfverfe 
framings  are  each  formed  by  one  upper  and  one  lower  beam, 
two  pair  of  futtocks,  a  floor  timber,  two  pair  of  top  timbers, 
and  four  bracing  pieces ;  the  whole  connected  into  one  firm 
framing,  felf-fupported,  independent  of  any  other  part. 

The  four  bracing  pieces  form  each  framing  into  a  fet  of  tri-  The  leading 
angular  compartments:  which  triangular  framing  gives  the  principle  is  that 
greated  dability  poffible,  as  a  triangular  frame  cannot  be  made  fVammgscannot 
to  give  in,  or  alter  its  figure,  by  any  force  which  is  not  fufti-  vary, 
cient  to  tear  its  connecting  parts  through  the  timber  of  which  it 
is  compofed  ;  a  property  which  no  other  figure  poflefTes. 

Thefe  tranverfe  framings  (befides  fupporting  the  fore  and  aft 
ribs,  and  by  them  the  fmall  vertical  timbers)  tie  and  unite  the 
vetfel  together  acrofs  fhip,  fo  as  to  give  much  greater  drength 
than  hanging-knees,  whofe  place  they  fupply,  at  a  much 
cheaper  rate. 


The 
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The  framing  of  the  deck  is  alfo  divided  into  triangular  com* 
partments,  as  fpecified  in  my  patent,  as  to  preclude  the  ufe 
of  lodging-knees  entirely  ;  which  compartments  are  formed  by 
fix  pieces  of  timber,  which  proceed  obliquely  at  each  fide,  from 
the  top  of  each  beam  to  the  fore  and  aft  rib  next  adjoining,  into 
which  they  are  dovetailed  and  bolted  j  long  carlings  from  beam 
to  beam,  at  each  fide  of  the  hatchways,  with  thefe  pieces, 
fuppori  fmall  ledges,  on  which  the  deck  is  laid  in  the  ufual 
manner. 

The  veffel  in  coming  round  from  Southampton  water  failed 
remarkably  fall,  and  flayed  and  fleered  admirably  well. 

Advantages  of  this  Method  of  framing  Ships. 

lfl.  Timber  of  lefs  than  one  fourth  of  the  ufual  girth  can  bo 
ufed,  in  this  method,  in  conflru6iing  large  veffels,  for  nearly  four* 
fifths  of  their  frames. 

This  will  be  a  dire6l  faving  in  the  difference  of  price  of  fmall 
timber  and  large  for  the  quantity  ufed;  for  large  veffels  this 
will  be  confiderable,  and,  according  to  the  prelent  contract 
prices  for  naval  timber,  not  lefs  than  from  two  to  four  pounds 
per  load.  Befldes  this,  it  is  a  great  national  benefit  in  another 
point ;  for,  by  this  means,  timber  of  half  the  number  of  years 
growth,  or  lefs,  can  be  ufed  for  naval  purpofes  ;  and  thus  forty 
or  fifty  years,  or  even  lefs,  be  fufficient  to  produce  timber  fit 
for  the  navy,  inllead  of  the  vaft  period  of  near  a  century,  now 
neceflary  j  by  which  the  land  will  not  only  produce  a  double 
crop  in  the  fame  time,  fit  for  this  purpofe,  but  all  danger  be 
removed  of  there  being  a  fioppage  of  building,  for  want  of  a 
fupply  of  timber,  at  any  future  period  ;  an  event  extremely 
probable  to  take  place,  from  the  increafing  difficulty  of  getting 
the  large  kind  ufed  at  prefent  in  the  Royal  Dock  Yards. 

2d,  Much  fhorter  timber  may,  in  forming  the  futtocks,  be 
ufed,  without  any  danger  of  weakening  the  fiiip,  on  account 
of  the  great  fupport  given  to  them  by  the  fore  and  aft  ribs,  and 
other  internal  framing,  before  deferibed. 

The  advantage  of  this  is,  that  it  renders  the  compafs  timber 
for  futtocks  eafier  to  be  procured,  and  prevents  any  necefiity  of 
ufing  any  timber  cut  acrofs  the  grain. 

3d.  The  ufe  of  knees  of  every  kind  is  fuperfeded  by  this 
mode  of  building,  as  the  triangu’ar  framing  of  the  decks  give* 
5  all 
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all  the  effect  of  lodging-knees,  and  that  of  the  tranfverfe 
frames  more  than  fupphes  the  fupport  given  by  hanging- 
knees. 

Tii is  would  occafion  a  confiderable  having  in  large  veffels, 
on  account  of  the  great  price  of  knee-timber  fit  for  them ; 
which,  for  that  of  30  feet  meeting,  is  near  ten  pound  per  load 
and  for  the  fmalleff  kind,  taken  at  the  dock-yard,  notlefs  than 
8/.  15r. 

4th.  Plank  of  half  the  ufual  thicknefs  maybe  ufed  for  lining;  thinner  plank- 
the  great  fupport  given  by  the  fore  and  aft  ribs  rendering  any  ing> 
ufe  of  infide  plank,  to  ffrengthen  the  veffel,  needlefs,  and  con¬ 
fining  its  purpofe  merely  to  prevent  ballaft,  or  other  matters, 
from  getting  between  the  timbers,  fo  as  to  reft  on  the  outfide 
plank. 

This  will  alfo  caufe  a  faving  of  confequence  in  large  veffels ; 
plank  of  all  kinds,  but  particularly  that  of  great  thicknefs, 
being  the  next  deareft  article  to  knee-timber. 

5th.  It  is  probable  a  much  lefs  quantity  of  timber  might  be  lefs  quantity  of 
ufed  with  fafety  in  this  method,  on  account  of  the  great  ftrength  mater‘aisi 
produced  for  the  timber  ufed.  lft.  By  the  triangular  framing. 

2d.  By  every  timber  having  a  folid  fupport  at  each  extremity. 

3d.  By  the  increafe  of  thicknefs  from  in  to  out  all  along  the 
fore  and  aft  ribs,  being  very  great  in  proportion  to  the  tim¬ 
ber  ufed. 

6th.  It  is  probable,  veffels  built  in  this  method  will  laff  durability- 
many  years  longer  before  decay  ;  becaufe  the  ufe  of  fmall 
timber  admits  of  a  kind  more  fpiny  and  durable  than  the  large, 
which  bi  often  dotard,  and  never  lafts  fo  long;  and  alfo  becaufe 
this  action  admits  of  a  free  circulation  of  air  among  the 
tjian  which  nothing  is  known  to  contribute  fo  much  to 
their  prefervation.  It  is  moreover  conceived,  that  the  timbers 
being  prevented  from  working  by  the  folid  fupport  each  has  at 
its  extremities,  will  caufe  the  veffel  to  wear  lefs,  and  at  the 
fame  time  render  it  fafer,  by  diminilbing  the  danger  of  ftarting 
planks,  or  otherwife  caufing  bad  leaks. 

7th.  The  timber  of  confiderable  fize  ufed  in  this  method  is 
almoft  all  nearly  ftraight,  or  of  very  little  curvature,  on  account 
of  its  running  fore  and  aft. 

This  kind  is  much  eafier  to  procure  than  large  compafs 

timber. 


8th. 
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8th.  Short-top  timber  and  coarfe  butts  can  be  worked  up 
to  advantage,  inftead  of  being  fold  for  lefs  than  half  coft, 
or  burned ;  as  this  kind  will  do  fufftciently  well  for  the 
number  of  fhort  ledges  in  the  deck  frames,  and  to  fupport 
the  lining  at  the  floor,  which  are  wanted  in  this  mode  of 
building. 

9th.  Veflels  built  in  this  manner  will  not  be  fo  liable  as 
others  to  hog,  or  have  their  backs  broken,  on  account  of 
the  great  ftrength  length-ways,  caufed  by  the  fore  and  aft 
ribs. 

10th.  Veflels  fo  built  will  be  drier,  from  the  circulation  of 
air  before  mentioned,  and  having  the  floor-lining  detached  from 
the  timbers;  which  quality  renders  this  conftru&ion  parti¬ 
cularly  valuable  for  the  fliips  ufed  in  the  Eaft  and  Weft  India 
trade. 

The  advantages  above  recited  relate  to  veflels  entirely  form¬ 
ed  in  this  manner.  It  thould  be  known  alfo,  that  parts  of  this 
plan  may  be  applied  with  profit.  The  mode  of  framing  the 
decks,  for  inftance,  might  be  ufed  to  fave  lodging-knees  in 
veflels  built  in  other  refpeds  in  the  ufual  mode.  Other  parts 
of  it  might  be  applied  to  the  ftrengthening  old  veflels,  which,  by 
this  means,  might  be  made  to  laft  many  years,  after  they  would 
otherwife  have  been  unferviceable. 

The  principles  of  this  method  of  building  are  capable  of 
being  extended  ftill  further  than  they  are  in  the  veflel  here  de- 
fcribed :  the  triangular  framing  may  be  even  adopted  to  the 
conftru&ion  of  fore  and  aft  ribs,  fo  that  thefe  could  alfo 
be  conftru&ed  of  fmall  timber,  if  required.  Thus,  by  this 
means,  the  former  barrier  to  the  increafe  of  fize  in  (hips  h  re¬ 
moved,  as  it  no  longer  now  depends  on  the  fize  of  (Mber  ; 
and  (hips  of  any  dimenfions  required  may  be  formed,  of  any 
ftrenglh  requiflte,  of  fmall  timber. 

J.  W.  BOSWELL. 


Concluding 


•  OMFUTATION  OF  SQUARES  AND  CUBES, 


171 


VII, 

Concluding  Remarks  on  the  Computation  of  Tables  of  Squares 
and  Cubes.  In  a  Letter  from  E.  O. 

To  Mr.  NICHOLSON. 

SIR, 

AM  forry  to  trouble  you  again  on  a  fubjedt  which  I  fear  0n  tIie  compu* 
can  afford  but  little  intereff  to  the  generality  of  your  readers;  and^ubes^^ 
but  I  muff  requeff  the  admiffion  of  a  few  remarks  upon 
the  letter  which  you  publifhed  in  your  laft  number  from 
H.  G. 

Your  correfpondent  is  certainly  miffaken  when  he  aflferts 
that  our  methods  of  calculating  fquares  are  “  precifely  the 
fame  Both,  indeed,  are  derived  from  the  principles  of  the 
binomial  theorem  ;  but  I  conceive  that  there  is  a  material 
difference  in  our  manners  of  applying  thofe  principles  to  prac¬ 
tice.  As  we  find  the  fquare  of  the  given  number  by  adding  a 
certain  quantity  to  the  known  fquare  of  the  number  next  be¬ 
low'  it,  it  follows,  that  in  both  methods  the  quantity  fo  added 
muff  be  the  fame  ;  but  there  is  a  confiderable  difference  in  the 
operations  by  which  we  find  this  number  :  I  do  it  by  the  re¬ 
peated  addition  of  the  fmall  number  2,  whereas  H.  G.  finds 

the  fame  quantity  by  the  repeated  doubling  of  a  number, 

•» 

which  is  conftantly  changing,  and  may  poffibly  confiff  of  many 
figures.  To  (hew  the  difference  more  clearly,  I  will  calculate 
feveral  fquares  according  to  the  dire&ion  given  in  P.  150, 

Vol.  VIII.  and  I  will  take  for  my  example  the  fame  which  I 
have  taken  in  P.  6,  Vol.  IX.  that  your  readers  may  the  more 
eafily  form  the  comparifon  fo 

28261 
2 

56522  =  2.28261 

798684121  =  2826 A  4 

1 

798740644  =  28262> 

f  '  i  ,  >  . 


r  themfelves. 


28262 

2 


56524  =  2.28262 

798740644  =  28^621 2 

I 


798797169  =  282 6$\ 2 


28263 
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28263 

2 


28264 

2 


56526  =  2.28263 

798797  1 69  =  28263!  1 

1 


56528  =  2.2826  !< 

798853696  =  2^264! 1 

1 


798853696  = 


28264V  798910225  = 


28265^ 


Perhaps  it  may  be  objected  to  my  ftatemenf,  that  the  calcu. 
lator  would  be  aware  that  28264.2  zz  28263 . 2  -f~  2  zz  28262 
.  2  -j-  4,  &c.  or  that  he  mull  foon  difcover  this  law  of  conti¬ 
nuation;  and  therefore,  that  he  would  not  proceed  in  every 
inffance  to  the  actual  multiplication  of  the  root  by  2*  Such 
an  objection,  however,  will  avail  nothing  againft  my  argu¬ 
ment,  for  in  that  cafe  he  will  no  longer  work  by  the  rule 
given  by  H.  G.  in  P.  150,  Vol.  VIII.;  but  if  he  proceeds  to 
find  the  difference  by  addition,  he  muft  virtually  purfue  the 
method  which  I  recommend  :  the  only  difference  will  be,  that 
the  practice  of  calculation  will  have  fuggefted  to  him  an  im¬ 
provement  which  he  might  have  originally  derived  from  firft 
principles. 

I  (hall  not  enter  into  the  queftion,  whether  addition  is,  or 
is  not,  a  fimpler  procefs  than  fubtra&ion.  The  prefent  quef¬ 
tion  may  be  decided  independently  of  it.  For  granting  that 
there  is  no  reafon  to  prefer  one  to  the  other,  yet  the  two  me-, 
thods  by  which  we  find  the  firft  differences  of  the  cubes* 
might  be  fairly  put  to  iffue  upon  the  number  of  figures  ufed  in 
each.  To  find  them  according  to  the  method  recommended 
by  H.  G.  in  p.  150,  Vol.  VIII.  we  muff  fubtraft  the  whole 
of  one  cube  from  the  whole  of  the  other  ;  whereas  I  find  them 
by  the  conffant  addition  of  the  feco.nd  differences,  which  mult 
neceffarily  be  much  fmaller  numbers.  Thus  to  find  the  firft 
difference  between  the  cubes  of  26561  and  26560 : 


According  to  //.  G. 

18738432796481 
-  18736316416000 


According  to  E.  O 
21 16221121 
-f  159360 


2116380481 


21  163801-81 


It  is  ftated,  indeed,  by  H.  G.  that  he  avoids  the  continual 
repetition  of  firft  differences.  By  this  we  muft  not  underftand 

that 
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that  his  method  makes  it  unneceffary  to  calculate  them  ;  for  On  the  compu- 
by  mere  comparifon  of  p.  9  with  p.  125,  it  will  be  feen  that  ^°”u^|[<luarc# 
we  both  ule  the  tame  numbers.  In  this  inftance,  as  in  that  of 
the  fquares,  the  real  difference  between  the  two  methods 
confifls  in  the  manner  of  finding  thefe  additional  quantities. 

H.  G.  muft  therefore  mean,  that  he  avoids  the  necefhty  of 
calculating  the  table  given  in  p.  8.  Now  in  this  I  do  not 
think  that  any  advantage  is  gained.  For  if  the  firft  differ¬ 
ences  are  to  be  found  feparately,  I  have  fliewn  that  they  can 
be  more  eafily  found  by  the  method  which  I  have  recom¬ 
mended  ;  and  much  expedition  will  be  obtained  by  making  a 
feparate  table  of  them,  which  is  impoflible  if  we  work  accord- 
•ng  to  the  diredtions  of  H.  G.  I  may,  with  fome  reafon, 
complain,  that  H.  G.  has  not  made  his  example  a  fair  parallel 
to  mine  ;  tor  I  have  fet  down  every  figure  which  need  be  ufed, 
while  he  has  declined  printing  any  of  the  operations  whereby 
he  determined  his  firft  differences.  It  is  poffible,  indeed, 
from  long  pradtice  in  arithmetical  computations,  that  he  may 
be  able  to  caft  his  eye  from  one  cube  to  the  other,  and  fo 
find  the  firfl  differences,  without  copying  them  out  on  the 
fide  of  his  paper  for  fubtradlion.  I  fhall  not  dwell  upon  the 
danger  of  miftake  in  fuch  a  procefs :  the  quickefl  and  raofl 
accurate  eye  could  hardly  avoid  frequent  errors,  and  the  com¬ 
mon  arithmetician  will  find  it  attended  by  confiderable  diffi¬ 
culty.  But  granting  that  all  this  difficulty  could  be  com¬ 
pletely  conquered,  ftill  it  would  give  no  fuperiority  to  the 
method  recommended  by  H.  G. ;  for  it  might  be  applied  to  mine 
with  equal,  if  not  greater  eafe  and  advantage.  Thus,  in  the  ex¬ 
ample  given  in  p.  125  ;  if  F  were  computed  by  the  addition 
of  C  and  D,  inflead  of  the  fubtradlion  of  A  from  E ;  if  we 
confider  I  zz  F  -}-  G  inflead  of  =  H  —  E,  M  =  I  -|-  K  in- 
fiead  of  =  L  -  H,  &c.  we  fhould  have  the  differences  com¬ 
puted  according  to  my  rules.  We  may  remark  likewife,  in 
this  fhorter  method  of  calculating,  that,  according  to  the  ar¬ 
rangement  given  by  H.  G.  himfelf  in  p.  129,  the  eye  mu  ft 
neceffarily  pafs  over  two  intermediate  lines  of  figures  in  fub- 
iradling  one  cube  from  the  other,  whereas  the  two  rows  of 
figures  which  I  would  have  added  to  ope  another,  may 
always  be  placed  contiguous.  This  certainly  is  an  advan¬ 
tage  ;  but  at  the  fame  time  I  only  mention  it  to  thew  the 

grounds 
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Onthecompu-  grounds  on  which  I  prefer  my  method  to  that  of  H.  G.; 
tation  of  fquares  for  j  ftjjj  conflt]er  t|ic  plan  vvhich  I  firft  laid  down  as  the 

eaueft  and  furefl. 

I  have  (aid,  that  if  the  differences  are  confidered  in  p*  125 
as  found  by  addition  inftead  of  fubtradion,  the  example 
would  fuit  with  my  method,  bccaufe  the  fecond  differences 
are  ftill  additional,  and  will  be  found,  upon  comparifon,  to 
be  added  in  exadly  the  fame  order  as  in  pp.  8  and  9.  The 
only  variety  is  by  making  two  tables:  I  add  the  fum  of  the 
two  numbers  vvhich  are  feparately  arranged  under  each  cube. 
I  have  only  to  add  on  this  part  of  the  fubjed,  that  H.  G.  has 
adopted  my  method  in  fome  meafure;  for  he  fays  that  K  = 
G  -j-  6,  as  well  as  =  6d.  It  is  true  (as  I  remarked  with 
refpect  to  the  fquares,  that  this  equality  would  moft  probably 
occur  to  the  calculator ;  but  at  the  fame  time  we  muft  recoi¬ 
led,  that  it  is  different  from  the  rule  laid  down  in  p.  150, 
Vol.  VIII. 

I  fhall  not  add  any  thing  to  what  I  have  Hated  in  p.  5, 
with  refped  to  the  miflakes  to  which  either  method  is  liable; 
but  I  fhall  conclude  by  alluring  you,  that  it  is  not  my  inten¬ 
tion  to  trouble  you  any  more  on  the  prefent  fubjed.  I 
thought  it  might  be  ufeful  to  publifh  the  letter  which  I  firft 
fent  you,  and  having  done  fo,  it  became  neceffary  to  remove 
any  obfeurities  in  it,  and  to  anfvver  any  miflaken  objedions 
which  might  be  railed  againft  it:  but  this  having  once  been 
done,  there  can  be  no  occafion  for  further  controverfy  ;  and 
I  have  only  to  thank  you  for  the  indulgence  which  you  have 
granted  me. 

I  am.  Sir, 

Your  obliged  humble  fervant, 

E.  O. 

P.  S.  I  take  this  opportunity  to  beg  you  will  mention  two 
or  three  prefs  errors  which  occur  in  my  former  letter. 

P.  g,  line  2.0,  dele  the  Italic  e. 

P.  io,  line  12,  "x+Ty  ,  read  in  both  inftances,  x  i] 4 

P.  12,  line  1 6,  29  read  27. 
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VIII. 

Letter  from  C.  Wilkinson,  Efq.  on  Galvanifm  and  ElcSiricily. 

i 

Dublin,  Oct.  8,  1 804. 


SIR, 


To  Mr.  NICHOLSON. 


When  at  Liverpool  a  tew  days  fince,  at  the  Athenasum  Obfervations on 
I  found  a  paper  of  Mr.  Thicknefle  of  Wigan  in  your  valuable  galvanifm,  &c. 
Journal,  and  which  has  induced  me  to  trouble  you  with  the 
following  obfervation.  Mr.  T.  ingenioufly  conjectures  that 
the  galvanic  phenomena  depend  more  upon  the  decompofition 
of  the  water  employed  than  as  to  any  chemical  change  effected 
on  the  metals.  Mr.  T.  obferves  that  two  metals  are  requifite 
to  the  production  of  galvanic  phenomena  :  this  is  no  ways  the 
cafe,  it  is  well  known  that  a  tingle  metal  fuffices,  or  even  brain 
and  mufcle,  according  to  the  experiment  of  La  Grave,  or 
nerve  and  mufcle  according  to  Aldini.  Mr.  T.  further  ob¬ 
ferves  that  hydrogen  mixed  with  copper  always  renders  it  brit¬ 
tle.  I  fhould  with  to  know  this  gentleman’s  authority  for  fuch 
an  aflfertion  :  he  alfo  fets  out  loo  hypothetically  as  to  eledricity 
being  a  modification  of  caloric.  It  has  always  appeared  to  me 
that  the  galvanic  phenomena  entirely  depend  upon  the  difen- 
gagement  of  electricity  from  the  metal  undergoing  a  chemical 
change. 

Galvani  has  afeertained  that  gold,  filver,  copper,  iron,  tin, 
lead  and  zinc,  conftitute  the  feries  of  metallic  bodies;  that 
when  two  metals  the  moft  remote  in  the  feries  are  united,  the 
moft  powerful  galvanic  combination  is  formed;  thus  gold  and 
zinc,  filver  and  zinc,  copper  and  zinc,  & c.  and  lafily,  lead 
and  zinc,  form  the  weakeft  galvanic  combination.  The  difpo- 
fition  to  oxidation  is  in  the  inverfe  order,  thus  zinc  will  become 
oxidated  even  by  expofure  to  the  air,  whilft  filver  and  gold 
undergo  tills  change  with  the  greateft  difficulty. 

Hence  a  metal  which  is  oxidated  with  the  greateft  difficulty 
combined  with  a  metal  which  oxidates  with  the  great  eft  faci¬ 
lity,  form  the  moft  powerful  galvanic  combination.  The  pro¬ 
duction  of  galvanic  phenomena  is  always  proportionate  to  the 
degree  of  oxidation. 

Ad 
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All  fubflances  which  are  condudors  of  eledricity,  if  they 
undergo  any  change  as  to  their  conducing  power,  fo  as  to 
become  diminifhed  as  condudors,  always  in  the  change  Jofe  a 
portion  of  their  natural  electricity.  Thus  metals  which  are 
the  belt  conductors,  when  oxidated,  become  non'-condudors 
in  this  change,  the  combined  eledricity  is  loft. 

If  a  plate  of  zinc  is  univerfally  immerfed  in  a  fluid  which 
will  produce  chemical  changes  upon  it,  no  galvanic  phenome¬ 
non  will  be  produced  becaufe  the  metal  in  every  aflignable 
point,  being  equally  aded  on,  the  contrary  dates  of  eledricity 
cannot  then  be  produced.  , 

If  only  one  fide  be  aded  on,  every  aflignable  point  on  that  fide 
undergoing  a  chemical  change,  by  which  it  isdifpofed  to  part 
with  its  combined  eledricity,  there  will  be  a  general  tendency 
of  the  eledricity  in  the  fubflance  of  the  metal  towards  the  fur- 
face  aded  on  ;  the  fame  as  if  in  a  veflel  filled  with  water,  a 
fmall  aperture  be  formed,  there  will  be  a  general  tendency  or 
current  of  the  water  towards  the  aperture,  fo  of  eledricity. 

Dr.  Wolladon  has  proved  by  very  ingenious  experiments, 
that  when  two  diflitnilar  metals  are  placed  in  a  fluid  which  will 
ad  upon  one  of  the  metals  and  not  upon  the  other,  when  the 
two  metals  are  put  into  contad  in  the  fame  fluid,  that  thus  che¬ 
mical  changes  are  effeded  on  both  ;  thus  that  gold  and  filver 
thus  arranged,  will  be  aded  on  by  the  nitric  acid. — When  two 
metals  are  placed  in  a  fluid  which  will  ad  upon  either  of  them 
feparately,  if  the  two  metals  are  preferved  in  a  flate  of  repa¬ 
ration  while  in  the  fame  fluid,  chemical  changes  will  only  be 
effeded  upon  one.  Thus  zinc  and  copper  placed  in  nitrous 
acid  and  water,  only  the  zinc  will  be  aded  on. 

Thefe  principles  point  out  the  neceflity  in  our  galvanic 
troughs  to  have  our  cells  perfedly  infulated,  and  that  there  be 
no  communication  between  the  refpedive  plates. 

Mr.  T.  has  by  miflake  obferved  that  the  fenfation  is  in  pro¬ 
portion  to  the  furface  aded  on;  the  experiments  of  the  French 
philofophers  proved  that  the  adion  of  galvanifm  on  animal 
fubftances  is  in  the  ratio  of  the  number  of  plates  employed, 
and  not  the  fur  faces  expofed. 

In  all  my  experiments  in  town  with  my  own  eledric  battery 
I  never  fucceeded  in  giving  the  flighted  charge  with  my  gal¬ 
vanic  apparatus.  In  fome  converfation  I  had  with  you,  Mr, 
£ditor,  you  conjedured  that  an  extenfive  feries  of  fmall  jars 

would 
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would  be  the  befl  arrangement.  When  at  Liverpool,  I  met 
with  fuch  at  the  houfe  of  Mr.  Dalton,  a  very  ingenious  lec¬ 
turer  on  electricity.  The  galvanic  battery  I  employed  con- 
fitted  of  200  eight-inch  plates,  which  had  fufed  at  the  time 
near  five  feet  of  fteel  wire;  this  communicated  a  very  flight 
iritenfity  to  the  ele6lric  battery,  containing  forty  feet  coated 
furface,  juft  fufficient  to  convulfe  afrog,and  although  the  eleCtri- 
cal  battery  was  in  the  beft  ftate  of  preparation,  we  could  not 
fucceed  in  producing  any  intenfity  as  even  toaffeCl  the  tbngue. 
At  another  period,  I  fhall  do  myfelf  the  pleafure  of  tranfmit- 
ling  to  you  an  account  of  fome  ingenious  experiments  of  Mr. 
Dalton,  on  electricity,  he  finds  a  cylinder,  when  exhaufted  of 
air,  or  when  one  atmofphere  is  condenfed  into  it,  will  not  then 
be  capable  of  excitation. 


No.  19,  Soho-Square. 


I  am.  Sir, 

Your’s  fincerely, 

C.  WILKINSON. 


IX. 

Method  of  preventing  Accidents  to  Horfes  and  Carriages,  in  going 
dozen  Hills,  by  a  Gripe  or  Clafp  acting  on  the  Naves  of  the 
%fheels  of  the  Carriage.  By  Mr.  W.  Bowler.* 

SIR, 

The  invention  I  have  now  fent  you  is,  I  think,  likely  to  be  Apparatus  to 

of  great  ufe,  and  I  therefore  offer  a  model  thereof  for  your  lo/lc  the  w!lei 

J  ot  carriages. 

infpe&ion.  In  the  firft  cafe,  this  cart  may  be  flopped  in  an 
inflant,  in  going  down  the  fleepefl  hill  with  a  load,  without 
flopping  the  horfes,  by  the  carter  only  preffing  his  hand  upon 
a  lever.  This  plan  would  likewife  be  highly  advantageous  in 
cafe  of  a  horfe  taking  fright,  as  the  carriage  may  be  inflantly 
flopped  by  the  brace  clafping  the  wheels.  It  may  alfo,  with 
little  alteration,  anfwer  for  a  broad-wheel  waggon  with  a 
heavy  load.  By  the  prefent  method,  a  coachman,  whilfl  fit- 

*  TranfaCtions  of  the  Society  of  Arts.  A  bounty  of  ten  guineas 
was  given  to  the  inventor,  and  the  Society  have  a  model. 

Vol.  IX.— November,  1804.  N  ting 
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Apparatus  to 
lock,  the  wheels 
of  carriages* 


ting  on  his  box,  may  confine  or  releafe  the  wheels  of  his  car-* 
riage  at  pleafure,  and  prevent  accidents  in  descending  hills,  or 
in  managing  reftive  horfcs. 

I  am,  Sir, 

Your  humble  Servant, 

WILLIAM  BOWLER. 


Finjbury- Street,  May  13,  1803. 


To  Mr.  Charles  Taylor, 


Reference  to  the  Engraving  of  Mr.  William  Bowler's  Gripe  for 
the  Wheels  of  Carts  and  Carriages,  Plate  X. 

A  B.  The  extent  of  the  body  of  the  cart.  C  D.  The  two 
fliafts.  E.  The  front  ladder  of  the  cart,  part  of  which  pro- 
jedls  over  the  fhafts,  and  is  fupported  on  them:  the  other  part 
is  fafiened  to  the  upright  piece  F.  G.  The  handle  of  the  le¬ 
ver,  Hiding  betwixt  two  uprights,  and  moveable  on  an  iron 
bar  and  pivot  at  H,  in  the  upright  piece  F.  By  prefling  down 
this  handle,  the  moveable  joints  I  K  raife  upwards  the  low^er 
part  of  another  lever  L,  fo  as  to  prefs  againfl  the  lower  part 
of  the  nave  of  the  w-heel,  and  at  the  fame  time  the  moveable 
,  joints  prefs  down  the  lever  O,  and  caufe  this  lever  to  adl  againfl 
the  upper  part  of  the  nave  of  the  wheel ;  thus  comprefling 
the  nave  of  the  wheel  betwixt  a  double  brace,  and  either  re¬ 
tarding  wholly  the  motion  of  the  wheel,  or  allowing  it  to  move 
a  little,  as  may  be  thought  requifite.  The  circle  of  the  nearer 
wheel  is  fliown  by  the  dotted  lines  P;  but  this  w'heel  is  not 
added,  as  it  would  prevent  this  gripe  from  being  clearly  feen. 
The  handle  of  the  lever  G  produces  at  the  fame  time  a  fimilar 
effedt  on  the  further  wheel  R,  by  means  of  the  bar  of  iron 
which  erodes  the  cart  at  H,  and  adts  in  the  fame  manner  on 
fimilar  double  joints  at  the  other  fide  of  the  cart,  as  may  be 
feen  at  S,  w'here  the  further  double  gripe  is  thown  prefling  on 
the  nave  of  the  further  wheel.  T.  A  fmall  catch,  which,  by 
falling  into  the  notches  or  teeth  of  the  lever,  when  it  is  prefled 
down,  holds  both  the  gripes  in  one  certain  pofition. 

When  the  wheels  are  to  be  fet  at  liberty,  the  catch  T  is  re¬ 
moved  out  of  the  teeth  of  the  lever  ;  then  the  lever  G  is 
raifed  above  the  hole  V,  and  kept  from  Hiding  down  by  an 
iron  pin  attached  to  the  chain  U,  being  put  underneath  the 
lever,  through  the  hole  V, 
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The  iron-work  is  not  any  inconvenience  in  the  loading  or 
unloading  of  the  cart,  nor  occupies  any  room  within  it;  and, 
what  is  of  materia!  confequence  in  new  inventions,  it  may  be 
managed  by  the  carter  with  much  lefs  time  and  trouble  than 
the  common  hook  and  drag  chain.  It  is  a!fo  much  more  fe« 
cure  in  its  adlion,  as  it  binds  on  both  wheels  at  once*  and  gives 
a  uniform  heady  draught  for  the  horles,  which  prevents  them 
from  falling  down. 


X. 

Obfervations  and  Experiments  to  elucidate  the  Operation  of  the 
Galvanic  Poiver.  By  Mr.  Charles  Sylvester.  In  a 
Letter  from  the  Author. 

To  the  Editor  of  the  Philosophic  Journal. 

SIR, 

1  HAVE  for  fome  time  read  and  admired  your  valuable  pub¬ 
lication,  but  have  not  before  this  time  ventured  a  communica¬ 
tion  on  any  fubjedt.  If  you  think  the  following  thoughts  and 
experiments  worthy  the  attention  of  your  readers,  1  ftiall  feel 
myfelf  honoured  if  you  give  them  a  place  in  your  Journal. 

I  remain,  Sir, 

Your  obedient  fervant, 

CHARLES  SYLVESTER. 

Sheffield,  Oti.  16,  1804. 

# 

The  decompofition  of  water,  or  at  leafl,  the  prefence  ofWhether  water 
oxigen  and  hidrogen,  is  obferved  in  all  the  modes  by  which  the 
galvanic  energy  is  excited.  I  obferve  that  fome  of  your  cor-procefs; 
refpondents  are  inclined  to  doubt  the  truth  of  water  being  a 
compound  body,  from  observing  in  its  decompofition  that  the 
oxigen  and  hidrogen  are  given  out  at  fo  grea*  a  diftance  from 
each  other.  Though  thefe  philofophers  have  more  Amply  ac¬ 
counted  for  fome  of  the  phenomena  by  making  water  a  limple 
fubftance,  their  aflumed  data,  that  pofitive  and  negative  elec¬ 
tricity  are  two  diftindt  bodies,  is  by  far  more  gratuitous  than 
the  petition,  that  water  is  a  compound.  Befides  this  hypothe-  or  P0<* 
fis  will  only  account  for  a  few  of  the  fadls,  while  it  abound 
with  contradidlion  when  applied  to  the  reft  of  the  phenomena  bodies, 
of  galvanifm. 
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The  latter  lefs 
probable. 


I 


The  oxidation 
contradict  s  the 
hypothefis  of 
two  eledtric 
bodies. 


¥ 


Variation  of  Dr. 
Afh’s  experi¬ 
ment. 

When  a  long 
copper  wire  was 
connected  at  the 
end  with  zinc 
(under  weak 
fulph.  acid) 
hidrogen  was 
earlier  given  out 


They  tell  us  of  two  kinds  of  electricity  coming  from  the  gal¬ 
vanic  apparatus  one  from  the  zinc  end,  the  other  from  the 
copper  end:  the  former  being  pofitive,  the  latter  negative. 

Two  diflindt  fluids  moving  in  contrary  directions  could  not 
poflibly  exifl  in  the  galvanic  trough;  by  reafon  of  that  fluid 
proceeding  from  the  zinc  meeting  that  coming  from  the  cop¬ 
per  in  each  of  the  cells,  and  confequently  eflablifliing  a  con- 
llant  equilibrium,  without  producing  any  effect.  When  the 
decompofition  of  water  is  only  taking  place  in  one  veflel  (ad¬ 
mitting  the  above  obje&ion  to  be  of  no  weight)  the  phenomena 
admit  of  an  eafy  explanation  by  this  hypothefis;  but  when  two 
veflel s  are  ufed  connected  by  a  w  ire  arch,  it  cannot  in  any 
fliape  be  adequate;  for  as  we  have  in  each  velfei  both  oxigen 
and  hidrogen  gafes,  there  muftalfo  be  both  pofitive  and  nega¬ 
tive  eledtricity  ;  thefe  two  contrary  fluids  would  of  courfe  have 
to  meet  each  other  in  the  connecting  arch,  and  according  to 
another  part  of  this  theory  form  fenfible  heat  *. 

The  pofitive  wire,  if  a  bafe  metal  is  always  oxidated;  this 
efTe6t  is  known  to  be  facilitated  by  the  electrical  agency.  Ac¬ 
cording  to  the  principles  in  queftion,  it  would  be  retarded  by 
the  power  of  affinity  exi fling  between  water  and  pofitive  elec¬ 
tricity.  When  the  w'ires  of  a  galvanic  apparatus  are  brought 
into  a  metallic  folution,  no  hidrogen  is  given  out  at  the  nega¬ 
tive  wire,  but  the  metallic  oxide  is  reduced.  Now  if  metal¬ 
lic  oxides  be  compofed  of  water  and  the  metal,  the  negative 
ele&ricity  would  combine  with  the  wrater,  and  hidrogen  gas 
wrould  be  evolved — the  very  reverfe  of  the  fa<5h 

My  reafon  for  being  thus  particular  in  the  examination  of 
the  hypothecs  of  Mr.  Richter  and  Dr.  Gibbs,  is  to  prepare 
the  mind  of  the  reader  for  fome  experiments  which  I  think 
will  contribute  to  the  firmnefs  of  the  hypothefis,  which  fup- 
pofes  water  to  be  a  compound,  and  that  the  hydrogen  is  car¬ 
ried  from  the  pofitive  to  the  negative  wire  by  the  ele&ricity. 

The  well-known  experiment  of  Dr.  Afli  (w  ith  the  plate  of 
zinc  and  fiilver  in  a  dilute  fulphuric  acid)  1  had  occafion  to 
vary  in  the  following  manner.  I  took  a  copper  wire  about 
eighteen  inches  long,  and  bent  it  in  the  middle  fo  as  to  form 

*  They  are  of  opinion  that  thefe  two  fluids  combined  form  calo¬ 
ric.  They  alfo  hold  with  Dr.  Prieftly  that  what  are  now  termed 
metallic  oxides  are  the  refpe&ive  metals  combined  with  water. 

two 
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two  parallel  legs,  about  two  inches  difiant  from  each  other.  at  die  ncarer 
This  I  laid  in  an  earthen  difh  filled  with  dilute  muriatic  acid,  (bended)1  wire : 
I  then  brought  a  piece  of  zinc  in  contact  with  one  of  the  ends: 
bubbles  of  hidrogen  were  immediately  given  out  by  that  part 
of  the  copper.  After  bubbles  had  appeared  for  about  two 
inches  down  this  leg,  I  obferved  bubbles  on  the  end  of  the  other 
leg, — they  now  proceeded  down  the  two  legs  till  at  laft  they 
appeared  on  the  part  where  the  wire  was  bended.  I  after¬ 
wards  laid  a  piece  of  zinc  at  one  end  of  the  fame  difh  and  a 
piece  of  gold  at  the  other.  I  prepared  a  metallic  arch  with 
two  pieces  of  wire,  one  of  gold,  the  other  zinc,  foldered  to¬ 
gether.  The  zinc  end  I  connected  with  the  piece  of  zinc  in — and  fo  like- 
the  difh,  and  the  gold  end  with  the  gold.  After  the  contaft  Wlfe  l,n  a 
had  been  made  about  ten  feconds,  bubbles  appeared  on  the  between  gold 
piece  of  gold.  The  difiance  was  about  twelve  inches.  I  now  and  *inc* 
placed  the  pieces  of  gold  and  zinc  at  half  the  diftanee,  and 
made  the  communication  with  the  fame  arch.  The  bubbles 
now  appeared  upon  the  gold  in  about  half  the  before-mentioned 
time.  Upon  bringing  the  pieces  fiill  nearer  together,  the  gold 
gave  out  gas  aimed  infiantly,  but  yet  in  all  the  three  infiances 
I  had  time  to  obferve  that  the  bubbles  always  appeared  firdon 
that  fide  (he  gold  next  the  zinc. 

I  think  from  the  above  experiments  that  the  difengagement  Whence  it  is 

of  hidrogen  firom  the  gold  does  not  depend  upon  its  negative  difengageme^t^ot’ 
date,  for  this  quality  mud  have  been  produced  on  the  gold  in  Hidrogen  dees 
every  one  of  the  three  indances  in  the  fame  time,  from  the  not  depend  on  a 
communication  being  always  made  by  an  arch  of  the  fame  that  the  elec- 
length.  On  the  contrary,  it  proves  that  the  eleCtricity  difen-  tnc,t/  1S  <;om“ 
gaged  from  the  zinc  is  communicated  to  the  gold  through  the  through  the  in- 
intervening  liquid.  If  we  obferve  the  length  of  time  taken  up  terP°kd  liquid, 
in  its  pafiage  through  this  medium,  we  fhall  fee  that  it  does  not 
agree  with  the  laws  of  electricity.  Is  it  not  therefore  proba¬ 
ble  that  when  the  oxigen  of  the  water  combines  with  the  metal, 
the  hidrogen  combines  w'ith  the  electricity  of  the  metal,  and  a 
compound  of  this  kind  obferves  thofe  laws  confident  with  the 
ph  enomena. 

In  each  of  the  cells  of  (he  galvanic  trough  a  quantity  of  this  Probability  that 
compound  is  ditfufed  through  the  liquid.  The  moment  a  com-  Combination, 
munication  is  made  between  the  two  ends,  the  electricity  en-  with  electricity, 
ters  each  of  the  copper-plates,  leaving  the  hidrogen  in  bubbles 

on 
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on  (he  furface  *,  As  this  eleCtrated  hidrogen  (If  I  may  be 
allowed  (he  expreflion)  does  not  move  through  the  liquid  with 
the  facility  ot  the  eleCtricity  itfelf,  the  necefiity  of  a  furface  of 
copper  equal  to  that  of  the  zinc  is  obvious.  It  is  plain  that 
only  a  proportionate  quantity  will  be  carried  through  the  whole 
Objection  to  the  feries.  T  his  fact  I  have  afcertained  in  attempting  to  render 
.  -din  our  (he  apparatus  propofed  by  Mr.  Wilkinfon  and  yourfelf  ufelul 
V  l.  VIII.  p.  3.  for  all  experiments.  The  (hock  is  even  lefs  when  the  furface 
ot  v  t3  ot  copper  is  lets  than  a  lquare  inch. 

H  w  the  e'ec-  The  quantity  of  eleCtrated  hidrogen  in  each  cell  increafes 
tneity  mereafes  from  the  copper  end  to  that  of  the  zinc  in  an  arithmetical  pro- 
the  exterior  grelfion.  The  ele6f ricity  only  exifts  in  its  fimple  form  while 
it  is  palling  from  the  copper  furface  through  the  two  metals  to 
the  zinc  (urface.  It  there  combines  with  another  portion  of 
hidrogen,  which  it  leaves  at  the  next  copper  furface,  and  fo 
on  accumulating  in  quantity  the  longer  the  leries  it  has  to  pafs 
through.  In  the  decompofition  of  w-ater  by  the  galvanic 
trough  the  velTels  in  which  this  is  performed  may  be  confidered 
as  one  cell  in  the  feries.  The  electricity  feizing  the  hidrogen 
at  the  pofilive  wire  and  giving  it  out  at  the  negative. 


XI. 

Memoir  on  the  Origin  of  Wax  +.  By  Francois  Huber, 
Member  of  the  Society  of  Natural  Bhilnfophy  and  Natural 
Hiftory  of  Geneva. 

It  has  been  thought  ttrange  that  the  word  wax  fliould  feldom 
occur  in  a  book  which  treats  ol  bees  alone  :  but  neverthelefs  as 
in  the  courfe  of  my  obfervations,  I  had  not  attended  to  the 
produCts  of  their  induftry,  I  could  only  have  repeated  what 
had  been  faid  by  Svvammardam  and  Reaumur,  and  that  did 
not  feem  to  me  to  be  necelTary. 

Mechanical  I  knewr  that  thefe  infeCts  collected  abundantly  upon  the  an- 

operations  of  thersc  of  flowers,  that  they  are  acquainted  with  the  method  of 
the  bees. 

*  This  fact  is  very  obvious  when  the  copper  furface  is  very  clean. 
The  hidrogen  under  contrary  circumftances  is  employed  to  reduce 
the  oxide. 

f  From  Journal  de  Phyfique,  &c,  Pluviofe,  An.  XII. 
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opening  them,  of  gathering  their  duff,  keeping  it  in  the  ca¬ 
vities  of  their  hind  legs,  and  carrying  it  to  their  hives. 

It  had  been  obferved  that  the  particles  of  this  dull  fwells  in -Examination  of 
water,  and  that,  when  one  of  them  bur  Its,  an  oily  liquor  runs^he  Poilen  °f 
out,  which  floats  on  its  furface,  but  did  not  mix  with  it  ;  from 
thefe  experiments,  repeated  on  the  duft  of  a  great  number  of 
flowers,  it  was  concluded  that  they  contain  the  principles  of 
wax,  but  it  was  admitted  that  thefe  mufi  undergo  a  peculiar 
elaboration  in  the  bodyr  of  the  bee,  fince,  according  to  the 
experiments  of  Reaumur,  a  flexible  wax  could  not  be  made 
from  the  dufi:  of  the  anther*. 


It  will  be  feen  from  fevera!  paffages  in  my  work  that  I  had  The  true  origin 

adopted  this  opinion:  a  finale  obfervation  ofBurnens*  changed0*  Wd*  ,re ' 

1  #  1  ...  .  °  mained  to  long 

all  my  ideas.  The  true  origin  of  wax  might  have  been  fooner  unkn  wn  from 

known,  had  there  been  any  fufpicion  that  it  was  not  already  fn  °P'°*on 

J  1  J  it wasdifcovered 

difcovered.  I  fhall  now  flate  how  I  was  led  to  doubt,  and  what 

I  have  done  to  verify  my  new  conjectures. 

I  was  in  Switzerland  in  1793;  the  farmer  of  the  efiate  on  Obfervations 

which  I  refided  had  many  bees,  and  the  greater  part  of  his  t0 

J  _  1  °  r  the  enquiry, 

hives  having  been  flocked  in  former  years,  the  combs  with 
which  they  were  filled  reached  to  the  (lands,  confequently 
there  was  no  room  to  conllrudt  new  ones.  We  remarked, 
however,  that  the  working  bees  carried  in  a  conflderable  quan¬ 
tity  of  this  fecundating  powder. 

There  was  alfo  in  the  fame  apiary  fome  fwarms  of  that 
year,  the  hives  having  only  been  flocked  a  day  or  two  ;  in 
fome  of  them  the  combs  were  only  began,  in  others  they  were 
larger,  but  in  all  of  them  there  were  vacancies  to  fill  up,  and 

much  work  to  do.  We  obferved  with  aftonifhment  that  the 

/ 

bees  of  thefe  fwarms  did  not  carry  in  the  pollen,  and  that, 
nevertheless,  they  worked  with  activity  in  the  conflrudtion  of 
new  combs,  and  in  lengthening  thofe  already  commenced. 

Where,  therefore,  did  they  procure  materials  for  their  edifices  ? 

After  thefe  obfervations,  we  fufpedted  that  it  was  not  from  the 
duft  of  the  flamina,  and  that  they  had  a  very  different  ufe  for 
it  than  that  for  which  it  was  believed  to  be  intended.  We 
however  found  that  it  was  not  impoflible  to  explain  thefe  ex¬ 
traordinary  facts,  without  abandoning  the  hypothefis  of  Reau- 


*  The  name  of  M.  Huber’s  fecretary  ;  which  deferves  to  be 
known  to  the  cultivators  of  natural  hillory. 
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inur,  by  fuppofing  that  the  bees  of  the  old  hives  fiored  up  fq 
much  pollen  in  their  combs  for  their  future  wants,  while  thofe 
of  the  new  fwarms  did  not  carry  it  outwardly  on  their  legs,  in 
the  infancy  of  their  efiablithment,  becaufe  they  had  no  cells  in 
which  they  could  depofit  it:  it  might  be  fuffieient  to  enable 
them  to  confiru#  their  combs,  if  they  were  at  liberty  to  fly  to 
the  flowers,  procure  their  pollen,  and  return  to  their  hives  after 
having  filled  their  fiomachs,  where  it  mud  be  elaborated  and 
converted  into  perfect  wax.  It  was  to  obviate  thefe  doubts 
that  I  undertook  the  following  experiments. 


FIRST  EXPERIMENT. 


Exp.  I. 

Is  pollen  necef- 
fary  to  the  pro¬ 
duction  of  wax  ? 


Wax  from 
honey  alone. 


On  Bees  in  Confinement  with  Honey  alone  for  their  Naurijhnient. 

Mud  bees  eat  pollen  to  be  in  a  fiate  to  produce  wax?  This 
was  the  firfi  quefiion  which  I  thought  it  necefiary  to  inveftigate : 
the  method  of  trying  the  experiment  was  obvious;  it  was  only 
required  to  keep  the  bees  within  their  hives,  and  thus  prevent 
them  from  colle<5ling  or  eating  the  fecundating  powder. 

On  the  24lh  of  May,  Burnens  lodged  a  fwarm  in  a  draw 
hive,  with  as  much  honey  and  water  as  was  necefiary  for  their 
confumption,  and  he  clofed  the  doors  fo  that  the  bees  could  not 
get  out  and  the  air  be  at  the  fame  time  renewed. 

At  firfi  the  bees  were  very  unealy,  but  became  calm  on  re¬ 
moving  the  hive  to  a  cool  dark  place;  their  captivity  lafied 
five  days ;  they  were  permitted  to  come  out  in  a  room,  the  win¬ 
dows  of  whjch  were  fliut :  we  then  examined  the  hive  more 
conveniently.  We  firfi  noticed  that  there  was  no  honey  left 
in  the  vefiel  which  had  been  filled  with  it,  with  the  foie  inten- 
lion  of  feeding  the  confined  bees;  and  were  more  afioniflied 
to  find  five  combs  of  the  mofi  beautiful  wax,  fufpended  from 
the  roof  of  the  hive;  they  were  perfectly  white,  and  very 
brittle.  This  re ful t  was  very  remarkable;  however,  before 
forming  a  conclufion  from  it,  that  the  honey  with  which  thefe 
bees  were  fed  had  enabled  them  to  produce  the  wax,  it  was 
necefiary  to  enquire  whether  it  could  not  alfo  be  explained  in 
another  manner. 

The  bees  which  I  had  employed  had  doubtlefs  collected  the 
dull:  while  they  were  at  liberty. 

They  might  have  done  fo  the  evening  before,  or  on  the  very 
day  of  their  confinement,  and  might  have  enough  in  their  fio- 
machs,  and  in  the  cavities  of  their  legs,  to  extra#  from  it  ajl 

the  wax  which  we  had  found  in  their  hive. 

'  '  But 
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But  if  it  wras  true  that  it  had  been  obtained  from  the  fecun¬ 
dating  powder  previoufiy  obtained,  this  fource  was  not  inex- 
hauflible,  and  the  bees  being  unable  to  procure  any  more, 
they  would  foon  ceafe  to  conftru6t  combs,  and  fall  into  the  moll 
complete  ina&ion.  It  was  necetTary  therefore  to  continue  the 
fame  trial  to  render  it  decifive. 

% 

The  28th,  Burnens  returned  this  {warm  into  its  hive,  after 
having  taken  out  all  the  combs;  he  fhut  them  up  as  before  with 
a  frefh  fupply  of  honey. 

This  experiment  was  not  long,  for  on  the  evening  of  the 
fecond  day  we  perceived  the  prifoners  working  with  new  wax. 

The  next  day  the  hive  was  infpected,  and  we  found  five  combs, 
as  heavy  and  as  regular  as  thofe  made  during  their  firfl  capti¬ 
vity. 

We  afterwards  repeated  this  experiment  five  times  fuccef- 
lively,  with  the  fame  bees,  and  the  fame  precautions :  weal- 
ways  found  that  the  honey  had  difappeared,  and  that  new  wax 
wras  produced.  This  refult  was  fo  invariable  during  this  long 
feclufion  that  we  could  no  longer  doubt  that  the  honey  alone 
had  fupplied  them  wilh  all  the  elements  of  their  wax,  without 
the  afliftance  of  the  fecundating  duh. 


SECOND  EXPERIMENT. 


On  a  Hive  from  which  Honey  was  excluded,  and  in  which  only 
Pollen  and  Fruits  for  the  Nounfhment  of  the  Bees  were  left. 

I  thought  it  would  not  be  ufelefs  to  make  the  inverfe  of  the  Exp.  II; 
preceding  experiments :  it  would  fhow  me  whether  the  pol¬ 
len  could  not  fupply  the  want  of  honey  when  the  bees  were 
deprived  of  it,  and  enable  them  to  produce  wrax. 

I  therefore  enctofed  a  fwarm  in  a  bell-glafs,  in  which  had 
been  placed  a  comb  whofe  cells  contained  only  pollen,  and  the 
foie nourifhment  of  the  bees  was  fruit. 

Thefe  bees  did  not  make  wax,  nor  did  they  form  a  fingle 
cell  during  eight  days,  which  was  the  time  of  their  capti¬ 
vity. 

I  wras  going  to  repeat  this  experiment,  when  Burnens  re-  Bees  fed  on 

marked  that  the  free  bees  were,  in  fome  meafure,  in  the  famepolIen  and  ,fru!ts 

.  do  not  produce 

Irate  as  thole  we  had  confined;  there  being  no  honey  at  that  wax. 
time  in  the  flowers,  they  found  only  pollen,  and  did  not  work 
in  wax. 

•  t  .  #■ 

I  may 


186 


ON  BEES  WAX. 


Wax-making 

bees. 


Nurfing  bees. 


Operations  of 
the  bees  during 
an  intemperate 
fpring, 


I  may  perhaps  be  alked  how  I  was  fatisfied  of  this,  to  which 
I  anfwer,  bees-wax  is  white  at  firtt,  the  cells  foon  become  yel¬ 
low,  and  in  (ime,  this  colour  grows  browner,  and  in  older 
hives  the  combs  have  acquired  a  blackifh  tinge.  It  is  there¬ 
fore  very  eafy  to  diftinguifti  the  new  cells  from  thofe  which 
have  been  fome  time  formed,  and  confequently  to  know  whe¬ 
ther  the  bees  are  really  making  combs,  or  whether  that  work  is 
fufpended;  it  is  fufficient  to  raife  the  hives,  and  to  notice  the 
lower  edges  of  the  combs. 

The  odour  exhaled  by  the  hives,  and  the  fliape  of  the  bees, 
are  indications  by  which  it  may  always  be  known  whether  there 
is  honey  in  the  flowers;  if  they  are  combined,  there  can  be 
no  further  doubt,  and,  particularly,  if  a  great  number  of  bees 
return  to  the  hive,  which  are  remarkable  for  the  bulk  and  the 
form  of  their  bellies.  Thofe  which  are  filled  with  honey  have 
the  abdomen  cylindrical ;  the  name  of  vs  ax-making  bees  be¬ 
longs  to  them  exclufively;  the  bellies  of  the  labouring  bees 
which  have  other  fun&ions,  always  preferve  their  ovoid  form, 
and  their  volume  is  never  fenfibly  augmented;  the  name  of 
nurfing  bees  is  proper  for  thefe. 

The  farmers  of  the  neighbouring  villages  kept  their  bees  in 
bafkets,  or  in  cafes  of  different  forms;  and  I  was  able  to  vifit 
a  very  great  number  w ithout  going  to  any  great  diffance  from 
my  habitation. 

In  1793,  an  intemperate  fpring  had  retarded  the  reparation 
of  the  fwarms;  there  had  not  been  any  in  the  country  before 
the  24th  of  May  ;  but  towards  the  middle  of  June  there  were 
feveral  in  the  vicinity  of  my  refidence.  At  that  time  the  fields 
were  covered  with  flowers,  the  bees  collected  much  honey,  and 
the  new'  fwarms  vvoiked  at  the  wax  wfith  vigour. 

On  the  18th,  Burnens  vifited  fixty-five  hives;  at  the  en¬ 
trances  of  all  of  them  he  obferved  wax-making  bees.  Thofe 
which  returned  to  old  hives,  not  having  toconfirucl  cells,  de- 
pofited  their  honey  in  the  combs,  or  dittributed  it  among  their 
companions;  thofe  belonging  to  the  fwarms  converted  their 
honey  into  wax,  and  battened  to  con ttrudl  combs  for  the  re¬ 
ception  of  their  young  bees. 

It  vvas  (bowery  on  the  1 9th:  the  bees  went  abroad  but 
brought  home  only  pollen.  The  weather  was  cold  and  rainy 
until  the  27th.  We  were  defirous  of  knowing  if  this  had  pre¬ 
vented  their  working.  On  the  28th,  all  the  hives  were  lifted: 

Burnens 
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Burners  found  that  the  work  had  been  flopped ;  the  combs 
which  he  had  meafured  on  the  19th,  were  not  at  all  increased, 
and  were  of  a  citron-yellow,  nor  was  there  a  fingle  white  cell 
in  any  of  thefe  hives. 

On  the  1(1  of  fuly  the  chefnuts  and  limes  were  in  bloflom,  — and  a  dry 
the  thermometer  indicated  the  20th  degree;  the  wax-making  lummei* 
bees  re-appeared,  they  carried  away  great  quantities  of  honey, 
which,  as  we  had  before  obferved,  was  employed  in  aug¬ 
menting  the  provifions  of  the  old  hives,  and  in  enabling  the 
young  (warms  to  conftruCt  new  combs. 

The  greateft  activity  was  obfervable  among  them :  the  ga*. 
thering  of  honey,  and  the  production  of  wax  continued  until 
the  middle  of  this  month. 

July  1 6th,  the  heat  remained  the  fame  :  the  field  flowers,  as 
well  as  thofe  of  the  chefnuts  and  limes,  were  completely 
withered;  they  yielded  no  more  honey;  their  pollen  alone  at¬ 
tracted  the  working  bees,  and  they  colledled  it  abundantly, 
but  there  was  not  any  wax  produced:  the  combs  were  not 
lengthened;  thofe  of  the  young  fwarms  did  not  fill  more  than 
two  thirds  of  their  hives. 

Auguft  9th.  It  had  not  rained  for  fix  weeks,  the  heat  was 
very  powerful,  nor  was  there  any  dew  to  allay  it  during  the 
night:  the  black  wheat  which  had  been  in  (lower  for  fome 
days,  did  not  offer  any  honey  to  the  bees;  they  found  only 
pollen. 

On  the  10th,  it  rained  for  feveral  hours;  next  day  the  black 
wheat  had  the  odour  cf  honey ;  in  fact  it  might  be  feen  glit¬ 
tering  in  their  expanfed  flowers.  The  bees  found  enough  to 
feed  them,  but  too  little  to  induce  them  to  wrork  at  new  wax. 

Oii  (he  14th,  the  drought  re-commenced,  and  lafled  to  the 
end  of  the  month:  no  more  honey  appeared  upon  the  flowers, 
and  when  we  vifited  the  fixly-five  hives  for  the  lafl  time,  we 
found,  1  ft,  that  the  bees  had  not  produced  any  wax  after  the 
middle  of  July;  2d,  that  they  had  ftored  up  a  great  quantity 
of  pollen  ;  3d,  that  the  fupply  of  honey  was  much  leflened  in 
the  old  hives,  and  that  hardly  any  remained  in  the  new  fwarms, 
that  which  they  had  colle&ed  in  the  fpring  having  been  em¬ 
ployed  in  the  preparation  of  wax;  the  pollen,  therefore,  has 
not  this  property,  and  no  further  doubt  remained  on  this  head. 

This  year  had  not  been  ftormy,  and  I  have  flnce  afcertained.  Weather  moft 

by  a  great  number  of  obfervations,  that  eleftricity  is  Angularly  favourable  to  the 

*  6  .  Jr  ,/  labour  of  bees. 

4  favourable 
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favourable  to  the  fecretion  of  honey  by  the  flowers:  the  bee# 
never  colleft  it  in  greater  abundance,  nor  is  the  preparation  of 
wax  ever  more  a&ive  than  when  the  wind  is  in  the  fouth,  the 
air  humid  and  warm,  and  a  ftorm  gathering. 

Heat  too  long  continued,  and  the  drought  wdiich  is  the  con- 
fequence  of  it,  cold  rains,  and  principally  a  north  wind,  fuf- 
pend  it  entirely. 


THIRD  EXPERIMENT. 


Exp,  III. 


What  is  the  ufe 
of  pollen  ? 


The  queen,  bee 
taken  away. 


On  the  Ufe  which  the  Bees  make  of  the  fecundating  Powder. 

In  the  fecond  experiment  the  bees  did  not  touch  the  pollen 
which  I  had  placed  within  their  reach,  and,  as  its  quantity  was 
not  fenfibly  diminiflied  during  this  trial,  I  was  induced  to  be¬ 
lieve  that  it  was  not  an  aliment  proper  for  them. 

I  alfoknew  that  the  new  fwarms  were  liable  to  perifli  from 
hunger  in  the  middle  of  fummer,  and  even  when  the  country 
was  covered  with  flowers,  if  a  particular  temperature,  which 
is  loo  uncommon  in  our  climate,  did  not  favoui  the  fecretion  of 
honey  in  their  nedaria.  What,  therefore,  is  the  ufe  of  the 
pollen  which  they  collect  with  fuch  avidity  during  eight  months 
of  the  year,  and  of  which  they  lay  up  fuch  abundance?* 

This  queftion  remained  to  be  inveftigated. 

I  had  a  hive,  in  diviftons,  the  queen  of  which  was  barren; 
its  combs  did  not  contain  any  pollen,  but  they  had  much  ho¬ 
ney  :  the  two  narrowe/t  tides  of  this  hive  were  formed  of  panes 
of  glafs,  through  which  the  furfaces  of  the  exterior  combs 
might  be  feen,  and  the  conduct  of  the  bees  obferved. 

I  took  away  the  queen  on  the  16th  of  July,  but  to  confole  the 
working  bees  I  removed  the  fir  ft  and  the  twelfth  combs,  in 
which  there  was  not  any  thing  to  intereft  them,  and  I  fupplied 
their  places  with  two  combs,  the  cells  of  which  were  filled 
with  eggs,  and  worms  of  all  ages.  I  carefully  cut  3way  all 
the  cells  in  w-hich  pollen  could  be  perceived,  and  (hut  up  the 


*  Reaumur  was  of  opinion  that  the  bees  of  a  well-ftocked  hive 
might  collect  at  leaft  a  hundred  pounds  of  this  fubftance  in  the  courfe 
of  a  year;  but,  having  remarked  that  the  weight  of  wax,  fabricated 
in  the  fame  time,  did  not  exceed  two  pounds,  he  concluded  “  that 
the  bees  extra£l  only  a  very  fmall  portion  of  the  true  wax  from  this 
native  wax,  that  the  greateft  part  of  it  is  required  for  their  nourifh- 
ment,  and,  that  the  reft  is  difeharged  from  their  bodies  in  the  form 
of  excrement." 


hive 
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hive  with  a  grating.  My  intention  will  be  guefied:  I  wiflied 
to  know  whether  thele  infects  could  lupport  their  young  with¬ 
out  this  fecundating  powder. 

The  next  day  nothing  extraordinary  occurred  ;  the  bees  fat 
on  their  eggs  and  feemed  to  nurfe  them. 

On  the  18th,  after  lun-fet,  a  great  noife  was  heard  in  the 
hive.  Anxious  to  fee  what  occafioned  it,  we  opened  the  {but¬ 
ters,  and  obferved  that  all  was  in  confufion:  the  incubation  was 
flopped;  the  bees  ran  over  the  combs  in  diforder;  we  faw 
thoufands  precipitate  themfelves  on  the  {land,  thofe  which 
were  neareft  to  the  inouth  eagerly  gnawed  the  grating;  their 
intention  was  no  longer  doubtful,  they  wifiied  to  get  out  of 
their  confinement. 

I  was  fearful  of  deftroying  them  by  continuing  to  prevent 
them  from  yielding  to  their  inftinfl,  they  were  therefore  fet  at 
liberty:  the  whole  fvvarm  came  out,  but  the  hour  was  unfa¬ 
vourable  to  their  collecting,  the  bees  did  not  go  far  from  the 
hives,  the  darknefs,  and  the  chillinefs  of  the  air,  foon  compel¬ 
led  them  to  return,  and  probably  calmed  their  agitation,  for 
we  faw  ther^i  quietly  realcend  their  combs,  and  order  appeared 
to  us  to  be  re-eftabli filed.  This  moment  was  taken  to  clofe 
the  hive  again. 

On  the  19th,  we  faw  two  royal  cells  begun  on  one  of  the  Other  royal  cells 
combs  of  the  nurfery  ( couvain );  the  evening  of  this  day,  and  made> 
at  the  fame  hour  as  the  day  before,  we  heard  a  great  tumult  in 
the  clofed  hive,  it  was  in  a  general  confufion,  and  we  were 
again  obliged  to  permit  the  fwarm  to  come  out. 

The  20th  was  the  fifth  clay  of  their  captivity;  we  thought 
it  had  been  of  fufficient  duration,  and  were  alfo  very  impatient 
to  examine  the  nurfery,  and  to  fee  what  was  the  caufe  of  the 
periodical  agitation  of  thefe  bees:  Burnens  therefore  opened 
the  firft  and  twelfth  windows,  and  drove  the  bees  from  the 
combs,  fuffering  them  to  take  their  flight  in  a  room,  the  win¬ 
dows  of  which  were  fiiut. 

He  fir  ft  noticed  that  the  roval  cells  had  not  been  continued, 
that  they  did  not  contain  any  worm,  and  that  there  was  not  an 
atom  of  the  jelly  which  ferves  for  the  nourifliment  and  the  cra¬ 
dle  of  the  larvae  of  the  queens. 

He  fought  in  vain  for  eggs,  for  worms,  and  for  the  liquid  in  —but  the  pro- 

the  common  cells:  all  had  difappeared.  Had  thefe  worms  cefs  ^  not 

11  on  without  pol- 

died  lea. 
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diea  ot  hunger?  Had  we,  by  withdrawing  the  fecundating 
powder,  deprived  the  bees  of  every  means  of  nouritbing 
them  ? 

To  afcertain  this  it  would  be  fufficient  to  reftore  them  their 
pollen,  and  obferve  the  ilfue.  The  bees  were  therefore  again 
returned  to  their  prifon,  after  having  fubttituted  young  worms 
for  thofe  which  had  been  fullered  to  die. 

On  the  22d,  we  found  that  the  bees  had  fattened  thefe  combs, 
and  that  they  were  again  in  a  ttate  of  incubation ;  we  then  gave 
them  fome  pieces  of  combs  in  which  other  bees  had  ftored  up 
the  fecundating  powder,  and,  the  better  to  obferve  what  t hey 
did  with  it,  we  took  fome  of  the  pollen  out  of  the  cells,  and 
laid  it  expofed  on  the  ttand  of  the  hive.  In  a  few  minutes  the 
bees  difcovered  the  pollen  in  the  combs,  and  that  which  we 
had  taken  out;  they  took  it  grain  by  grain  in  their  jaws,  and 
conveyed  it  into  their  mouths;  thofe  which  had  eaten  mott  vo- 
racioufiy  re-afcended  the  combs,  and  placed  themfelves,  at 
firtt,  upon  the  cells  of  the  young  worms,  which  they  entered 
with  their  heads  foremott,  and  remained  there  a  greater  or  lcfs 
length  of  time.  One  of  the  windows  of  the  hive  was  now 
opened  cautioufly,  Burnens  powdered  the  bees  which  eat  the 
pollen,  and  watched  them  for  fome  hours;  heobferved  that  the 
marked  bees  always  re-afcended  to  the  nurfery,  and  immedi¬ 
ately  entered  the  cells  of  the  young  bees. 

The  23d,  we  found  the  royal  cells  begun. 

The  24-th,  we  drove  the  bees  from  off  the  young  worms, 
and  we  remarked, 

Itt,  That  all  of  them  had  the  jelly,  as  in  the  common  hives ; 

2d,  That  the  worms  had  grown  larger,  and  were  forwarder 
in  their  cells : 

3d,  That  others  had  been  (luit  up  again:  And, 

4th,  That  the  royal  cells  had  been  lengthened. 

The  25th,  we  withdrew  the  pieces  of  comb  which  we  had 
placed  on  the  ttand,  and  found  that  the  quantity  of  pollen  was 
fenttbly  diminifhed ;  we  afterwards  replaced  them  in  the  hive 
with  other  cells  filled  with  the  fecundating  powder. 

The  26th,  the  royal  cells  had  been  clofed  during  the  night, 
as  well  as  feveral  of  the  common  ones. 

The  27  th,  I  reftored  thefe  bees  to  liberty;  Burnens  examined 
the  cells  with  the  greatefi  attention,  and  found  jelly  in  all  thofe 

which 
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which  ftill  contained  worms,  but  moft  of  them  were  fiiut  with 
a  lid  of  wax:  he  examined  Come  of  the  latter,  and  found  the 
worms  employed  in  fpinning  cocoons  of  filk. 

All  the  worms  had  therefore  been  tended  as  in  the  natural 
hives.  In  this  lecond  trial  we  did  not  perceive  any  dilorder 
in  this  hive;  there  had  not  been  the  leaf!  agitation:  it  is  true 
fume  of  the  working  bees  attempted  to  go  out  in  the  courfe  of 
the  day,  but  finding  it  impofiible,-  they  re-afcended  the  combs 
quietly,  which  were  never  left  for  an  inftant.  The  hive  being 
abundantly  (upplied  with  honey,  and  with  the  pollen  neceflary 
for  their  young,  left  them  nothing  to  with  for;  and  they  were 
ftill  more  happy  w  hen  a  queen  was  born,  who  afterwards  be¬ 
came  pregnant,  and  laid  a  great  number  of  eggs. 

After  thefe  two  experiments  there  could  be  no  more  doubt  The  pollen  la 
that  the  fecundating  duft  was  the  aliment  proper  for  the  young  therefore  the 
bees,  and  that  the  want  of  this  fubftance  was  the  caufe  of  their  {j»eg<  y  * 
death,  and  of  the  evident  anguifh  of  their  nurles  during  their 
firft  captivity. 


FOURTH  EXPERIMENT, 


On  Bees  deprived  of  Honey  and  Pollen,  and  which  it  was  at¬ 
tempted  to  feed  with  Sugar, 

.1  wiflied  to  know  if  it  was  the  faccharine  part  of  the  honey  Bxp.  IV. 
which  enabled  the  bees  to  produce  wax.  M  hat  part  of 

Burnens  confined  a  fwarm  in  a  glazed  hive:  one  pound  of  tains  the  princi- 
Canary  fugar  was  their  foie  aliment.  Ples  °f  wax? 

He  put  a  fecond  (warm  into  another  hive,  and  endeavoured 
to  feed  them  with  very  coarfe  raw  fugar;  and  to  obtain  a  term 
of  companion,  a  third  fwarm  was  fhut  up  in  the  fame  manner, 
and  fed  with  honey. 

The  bees  of  the  three  hives  produced  wax;  thofe  fed  with 
the  different  qualities  of  fugar  produced  it  iooner  than  the 
(warm  which  had  only  had  honey,  and  they  produced  it  in 
greater  quantity. 

A  pound  of  Canary  fugar  reduced  to  fyrup,  and  clarified  Wax  made  from 
with  white  of  egg,  yielded  10  gros,  52  grains,  of  a  wax  not  Afferent  quaU- 
fo  white  as  that  which  the  bees  extract  from  honey.  ties. 

An  equal  weight  of  raw  fugar  gave  22  gros  of  very  white 
wax. 

Maple 
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Conclulions: 


Maple  fugar  produced  the  fame  effed.  This  experiment 
having  been  repeated  feven  times  fucceflively,  always  employ  ¬ 
ing  the  fame  bees,  we  could  not  doubt  that  fugar  contains  the 
principles  of  wax,  and  we  concluded  that  it  was  the  faccha- 
rine  part  of  the  honey  which  had  this  property. 

CONCLUSION. 

Thefe  obfervations  (hew, 

]  ft.  That  the  wax  comes  from  the  honey  : 

2d,  That  the  honey  is  alfo  a  food  of  the  firft  neceflity  to  the 

bees : 

3d,  That  flowers  do  not  always  contain  honey,  as  has  been 
imagined;  that  this  fecretion  is  fubjed  to  the  variations  of  the 
atmofphere;  and,  that  the  days  in  which  it  is  abundant  are 
very  rare  in  our  climate: 

4th,  That  it  is  the  faccharine  part  of  the  honey  which  en¬ 
ables  the  bees  to  produce  wax: 

5th,  'fhat  raw  fugar  yields  more  wax  than  honey,  or  refined 
fugar: 

6th,  That  the  duff  of  the  flamina  does  not  contain  the  prin¬ 
ciples  of  wax: 

7  th,  That  this  duft  is  not  the  food  of  the  adult  bees,  and  that 
they  do  not  colled  it  for  themfelves: 

8th,  That  the  pollen  affords  the  only  aliment  which  is  pro¬ 
per  for  their  young,  but  that  this  (ubftancemuft  undergo  a  pe¬ 
culiar  elaboration  in  the  ftomachs  of  the  bees  to  be  converted 
into  an  aliment,  which  is  always  appropriated  to  their  fex,  their 
age,  and  their  wants,  fince  the  beff  microfcopes  do  not  fliew 
the  particles  of  pollen,  or  their  coverings  in  the  liquor  pre-* 
pared  by  the  working  bees. 

I  (hall  fpeak  of  the  economical  confequences  of  thefe  ob¬ 
fervations  on  another  occafion.  By  fliowing  the  breeders  the 
real  wants  of  the  bees,  they  will  be  poflefled  of  the  means  of 
aflifting  them  in  time,  in  all  their  necefiities,  and  of  preferv- 
ing  them  in  climates  in  which  nature  has  not  placed  them,  and 
in  which  they  could  not  profper  without  our  aid. 
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XII. 

An  Enquiry  concerning  the  Nature  of  Ileat,  and  the  Modes  of 
its  Communication.  By  Benjahin  Count  of  Rumford, 

V .  P.  It.  S.  SfC.  Abridged  from  the  Philofophical  Tranf- 
actions  for  1 804. 

(Concluded  from  p.  63.) 

Exp.  1  2.  1  wo  equal  cylindrical  velTels  of  fheet  brafs  po-  Exp.  12,  Bo-' 
lifhed  very  bright,  each  three  inches  in  diameter  and  four  dl®8  a!pce  in  ^ 

J  ^  rciDCCus  2nd. 

inches  long,  fufpended  by  their  oblique  necks  in  a  horizontal  heated,  do,  at 
pofition,  being  placed  on  their  wooden  ftands,  were  filled  e8uai  distances, 

.  G  1  .  affedt  the  ther- 

with  water  at  the  temperature  of  180°  ;  and  their  circular  flat  m0fC0pe  equally, 
bottoms  were  prefented,  in  a  vertical  pofition,  to  the  two 
balls  of  the  thermofeope,  at  the  didance  of  two  inches. 

When  the  two  hot  bodies  were  prefented,  at  the  fame  mo¬ 
ment,  to  the  two  balls  of  the  indrument,  or  what  was  dill 
better,  when  two  fereens  were  placed  before  the  two  balls, 
at  the  didance  of  about  an  inch,  and,  after  the  hot  bodies 
were  placed,  thefe  fereens  were  both  removed  at  the  fame 
indant,  the  bubble  remained  without  motion  in  the  middle 
of  the  horizontal  part  of  the  tube  of  the  indrument. 

If  the  didances  of  the  equally  hot  bodies  were  rendered 
unequal,  the  bubble  always  moved  towards  the  mod  remote 
of  the  two  ;  and  if  a  ftngle  hot  body  was  prefented  to  one 
of  the  balls,  the  bubble  was  driven  from  it,  and  might  have 
been  carried  quite  out  of  the  tube;  which,  however,  was 
always  avoided,  as  the  indrument  would  have  been  by  that 
means  quite  deranged. 

Exp.  13.  The  flat  circular  bottom  of  one  of  the  cylindrical  Exp.  33.  A  cy* 
veflfels  was  blackened  by  holding  it  over  the  flame  of  a  wax  ljnder  b  ackened 

.....  .  _  with  lmoke, 

candle,  the  other  vefTel  remaining  bright  as  before.  Both  ?ives  out  more 
were  then  filled  with  water  at  180°,  and  prefented  at  equal  radiant  heat  than 
didances  to  the  two  oppodte  balls  of  the  indrument,  as  de-  furface,^ 
feribed  in  the  lad  experiment. 

The  bubble  was  indantly  driven  out  of  its  place  by  the 
fuperior  action  of  the  blackened  fur  face;  and  it  did  not  return 
to  its  former  dation  until  the  blackened  lurface  had  een  re¬ 
moved  to  more  than  eight  inches  from  the  ball  to  which  it  was 
Vol.  IX. — November,  1804.  O  prefented; 
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The  other  coat¬ 
ings  which  had 
accelerated  the 
cooling,  were  alio 
found  to  increafe 
the  radiation. 


Exp.  14,  15. 
All  metallic  fur- 
faces  radiate 
equally. 


Exp.  16,  17. 

A  cold  body  de- 
prejffes  the  tem¬ 
perature  of  other 
bodies  by  rzdia- 
tion. 

Metal  horizon¬ 
tally  placed. 


preferred  ;  the  other,  which  had  not  been  blackened,  re¬ 
maining  in  its  fird  petition,  at  the  didance  of  two  inches. 

Other  limilar  experiments  were  made  to  fhew  whether 
thole  coatings  or  clothings  which,  in  the  former  experiments 
with  the  large  vetfels,  had  accelerated  their  cooling,  did  alto 
increafe  their  power  of  radiation,  as  fhewn  by  the  procets  and 
inftruments  lad  deferibed.  And  the  refults  invariably  proved 
that  this  is  the  cafe. 

It  was  alfo  a  quedion  deferving  to  be  invedigated,  whether 
any  peculiarity  belonging  to  the  metallic  furface  hitherto  ufed, 
namely  of  brats,  might  have  influenced  the  refults. 

Exp.  14,  15.  The  two  large  cylindrical  vetfels  No.  1  and  2, 
were  covered  with  a  Angle  coating  of  oil  varnifh,  and  on  this, 
when  diffidently  dry,  was  laid  a  covering  of  thick  gold  leaf 
upon  No.  I,  and  thick  diver  leat  on  No.  2.  Thefe  veflels 
were  cooled  through  the  interval  of  10  degrees,  in  the  tame 
time  as  the  naked  vollel  ufed  as  the  dandard.  Similar  expe¬ 
riments  with  veflels  of  finned  iron  and  of  lead,  fliewed  that 
the  radiation  from  all  thefe  metals,  though  fo  different  in  their 
conducting  power,  is  the  fame. 

“  Is  not  this/’  fays  the  Count,  “  owing  to  their  being  all 
equally  wanting  in  tranfparency  ?  And  does  not  this  afford  us 
a  drong  prefumption  that  heat  is,  in  all  cafes,  excited  and 
communicated  by  means  of  radiations  or  undulations,  as  I 
fliould  rather  choofe  to  call  them 

And  he  proceeds  to  obferve,  that  another  very  important 
quedion  alfo  mud  be  decided  before  thefe  points  can  be  deter¬ 
mined,  and  that  is,  Whether  bodies  are  cooled  in  confequence 
of  the  rays  they  emit,  or  by  thofe  they  receive  ?  The  celebrated 
experiment  of  Piclet  has  tliewn,  in  our  author's  opinion,  (hat 
rays  or  emanations  proceed  from  cold  bodies,  which  may  be  con¬ 
centrated  by  concave  mirrors,  and  will  aft’ed  a  delicate  air 
thermometer. 

Exp.  16,  17.  The  horizontal  cylindrical  vetfels  ( Fig.  3, 
Plate  I.  of  the  prefent  volume)  were  made  very  clean  and 
bright,  were  duly  fixed,  and  left  for  feveral  hours  in  a  room 
near  the  thermofeope ;  and  when  each  vetfcl  was  in  lucceffion 
prefented  to  that  indrument,  with  every  precaution  to  pre¬ 
vent  irregularity  from  external  circumftances,  it  was  not  found 
to  be  a  deck'd  by  them.  One  of  the  vetfels  was  now  taken 
away  and  filled  with  ice  and  water,  and  then  prefented,  at  the 
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difiance  of  four  inches,  to  one  of  the  balls  of  the  thermofcope. 

The  bubble  immediately  moved  towards  the  cold  body,  and 
palled  through  the  (pace  of  one  inch.  A  nearer  approach  of 
the  cold  body  produced  a  Hill  farther  motion  in  the  fame  di¬ 
rection. 

lisp.  18,  19.  Though  this  refult  appeared  to  the  Count  to  Exp.  18,  19. 
prove  indifputably  that  cold  bodies  emit  rays  capable  of  gene-  ^teTunde' ’c°^ 
rating  cold  in  warmer  bodies,  yet,  from  the  importance  of  the  neath  the  ther- 
fad,  he  chofe  to  vary  the  fubftance  prefented  to  the  inftru-  ™°fcoPe>  cpo^d 
ment,  as  well  as  to  remove  all  fufpicion  of  the  adion  of  cold  No  current  of  air 
currents  of  air.  He  therefore  laid  the  thermofcope  on  one  c°uld^here 
fide,  and  placed  underneath  one  of  its  balls  a  folid  cake  of  ice,  J 
at  the  difiance  of  fix  inches.  The  refult  of  this  experiment 
was  the  fame  as  of  the  other,  and  the  bubble  was  moved  one 
inch  in  the  tube.  Ice-cold  water  produced  the  fame  effect  as 
ice  itfelf. 

Exp .  20.  Whether  thus  efted  of  cold  bodies  be  governed  by  Exp.  20.  Metal 

the  fame  laws  as  thofe  obferved  by  varying  the  nature  of  the  feoke  cooled  the 
furface  in  heated  bodies,  or  by  any  other,  now  remained  to  inftrumentmore, 
be  afcertained.  It  was  before  found  that  metal  blackened  ^ radlatl0n’ 
over  a  candle,  did  emit  much  more  of  calorific  rays  than  the  face  at  fame  tern* 
fame  metal  when  naked.  The  fame  experiment  was  now  Perature* 
made  with  cold  bodies.  One  of  the  cylinders  had  its  end 
blackened,  and  the  other  cylinder  was  left  bright  and  naked. 

Both  were  filled  with  ice  and  fait,  and  at  the  fame  infiant 
they  were  fuffered  to  ad  from  equal  difiances  on  the  thermo¬ 
fcope.  7’he  bubble  moved  towards  the  blackened  body ;  not 
indeed  fo  much  as  when  the  bodies  were  heated  in  the  former 
experiments,  becaufe  the  temperature  was  not  here  fo  far 
diftant  from  the  common  temperature  of  furrounding  bodies 
as  in  that  experiment  ;  but  on  feveral  repetitions  of  the  ex¬ 
periment  with  thefe  cold  bodies,  the  effect  was  confiantly  the 
fame.  It  was  found  that  the  precipitation  of  ice  out  of  the  Ice  radiates  more 
furrounding  air  tended  fpeedily  to  raife  the  temperature,  and  than n  etal* 
alfo  that  the  clean  furface,  when  covered  with  ice,  had  a 
greater  frigorific  effect  than  when  the  metal  was  naked. 

Exp.  21.  The  radiation  of  heat  from  animal  fubftances  ap-  Exp.  21.  Gold¬ 
pearing,  from  fome  fads,  to  be  confiderable,  a  piece  of  gold-  2 " 
beater’s  Ikin  was  applied  wet  to  one  of  the  vefiels,  and  re- more  than  metal, 
mained  firmly  adherent  when  dry.  This,  when  filled  with  hot  Hot  water  in  the 
water  at  180°,  and  prefented  to  the  thermofcope  in  oppofifion 
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txp.cz;  Simi¬ 
lar  eftlft  with 
ice-cold  water. 
The  gold-beat¬ 
er’s  fkin  pro¬ 
duced  more  cold 
by  radiation. 


Exp’.  23.  A  hot 
.*nd  a  cold  veiTe) 
equally  diftant 
from  the  com¬ 
mon  tempera¬ 
ture,  aft'edt  the 
thermofeope 
equally. 


Why  the  tool¬ 
ing  by  ra  iiation 
has  been  lefs  no¬ 
ticed. 


to  (lie  other  veffel  clean  and  bright,  and  alfo  filled  with  the 
fame  fluid  at  the  fame  heat,  was  found  to  be  much  more  calo¬ 
rific.  The  bubble  which  moved  from  the  coated  body,  did 
not  return  to  its  fiation  until  this  body  was  removed  to  a  dif- 
tance  five  times  as  great  as  that  of  the  other.  Whence  our 
author  concludes,  that  it  emitted  twenty-five  times  the  quan¬ 
tity  or  calorific  rays. 

Exp,  22.  The  veffels  ufed  in  the  laft  experiment  were 
emptied  and  refilled  with  ice  and  water.  They  were  then 
prefenled  at  equal  diftances  from  the  refpe&ive  balls ;  and  the 
effect  of  the  body  which  was  covered  with  gold-beater’s  fkin, 
was  much  more  confiderable  in  producing  cold. 

The  radiation  of  cold  bodies  appearing  to  the  Count  thus  to 
be  proved  beyond  all  doubt,  he  was  defirous  of  afeertaining 
whether  the  frigorific  rays  poffefs  an  equal  power  of  affecting 
the  temperature  of  bodies  as  the  calorific  rays  do  ;  the  tem¬ 
peratures  of  the  radiant  bodies  being  at  the  fame  dirtance  each 
way  from  the  body  to  be  afted  upon. 

Exp,  23.  With  this  intention,  one  of  the  veffels  filled  with 
pounded  ice  and  water,  was  prefented  to  a  ball  of  the  inftru- 
ment,  and  the  other  veffel  filled  with  water  at  112°,  was 
prefented  at  an  equal  diflance  on  the  oppofite  fide  of  the  fame 
ball;  the  temperature  of  the  room  and  infirument  being  72°, 
or  40°  diftant  from  each  of  the  temperatures  of  the  veffels, 
and  the  other  ball  of  the  inftrument  being  defended  from  all 
radiation  by  fereens.  The  bubble  remained  motionlefs  ;  fo 
that  the  oppofite  attions  were  in  fa6t  equal.  And  when  either 
veffel  was  drawn  farther  off,  the  effeft  of  that  veffel  became 
lefs,  and  the  bubble  moved  ;  that  is  to  fay,  towards  the  ball  if 
the  cold  veffel  were  neareft,  or  from  the  ball  if  the  hotter  ; 
and  thefe  effetts  wrere  equal  in  quantity  as  well  as  in  celerity 
of  motion. 

The  Count  again  repeats  his  conclufion  from  thefe  expe¬ 
riments  lately  exhibited  to  Profeflbr  Pictet,  M.  de  Sauffure, 
and  M.  Senebier  at  Geneva,  that  the  rays  which  generate  cold 
are  juft  as  real  and  juft  as  intenfe  as  thofe  which  generate 
heat;  and  he  proceeds  to  account  for  this  refult  having  been 
overlooked,  by  obferving,  that  the  degrees  of  cold  we  are  able 
to  produce,  are  much  lefs  diftant  from  the  ufual  temperature 
than  thofe  of  heat,  which  are  within  our  power.  Thus  a  can- 
nou  ball,  heated  to  1GJ  degrees,  or  70  degrees  above  blood- 
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heat,  would  radiate  quite  as  much  as  ice;  and  a  bullet  of 
freezing  mercury  would  radiate  fearcely  more  than  another  of 
boiling  water :  both  which  hot  temperatures  are  very  trifling 
in  companion  to  the  heat  in  which  we  are  habituated  to  notice 
and  obferve  this  phenomenon. 

Exp.  24.  After  the  proof  that  cold  bodies  of  the  fame  kind  Exp.  24.  The 
affe<5t  the  thermofeope  equally,  when  equally  difiant  from  the  ^"^h^produce 
common  temperature,  it  remained  to  be  determined  whether  mod  heat  by  ra¬ 
the  different  modifications  of  furface  have  the  fame  effects  in  diU‘on>  do 

produce  moir 

the  ready  propagation  of  lower  temperatures,  as  they  had  cold, 
fhewn  before  in  higher.  To  fhew  this,  it  was  only  required 
to  oppofe  them  to  each  other,  as  to  their  action  upon  the  fame 
ball,  as  in  the  lafi  experiment.  With  this  view'  both  difes 
were  blackened,  and,  the  temperature  of  the  room  being  72° 
as  before,  one  of  them  was  charged  with  ice  and  water,  and 
the  other  with  water  at  1 12°.  Thefe,  at  equal  difiances  from 
the  ball  as  before,  did  not  afiedi  the  bubble,  and  therefore  their 
adfions  were  precifely  equal. 

In  the  confideration  of  two  kinds  of  rays,  calorific  and  Do  not  the  fame 

frigorific,  it  did  not  efcape  the  attention  of  our  author,  that  a 

hot  and  cold  are  terms  denoting  mere  relations;  fo  that  the  the  temperature 

fame  body  will  be  either  hot  or  cold  accordingly  as  the  com-  t,^e  ernanating 
J  0  J  bodies  is  higher 

mon  temperature,  or  temperature  of  the  bodies  of  com  pari- or  lower  than  the 
fon,  is  lower  or  higher.  Quefiioning,  therefore,  as  to  the  receivinS  bocJy* 
difference  between  calorific  and  frigorific  rays,  he  demands 
whether  the  fame  rays  may  not  be  either  calorific  or  frigorific, 
accordingly  as  the  body  at  whole  furface  they  arrive,  is  hotter 
or  colder  than  that  from  which  they  proceed  ? 

Exp.  25.  The  whole  of  the  external  furface  of  one  of  the  Exp.  25.  Metal 
large  cylindrical  pallage  thermometers.  Fig.  1,  Plate  I.  was  gold-beater’s 
covered  with  gold-beater’s  lkin,  and,  along  with  the  fiandard  fkin  cools  fafter. 
infirument  of  the  fame  kind,  was  filled  with  hot  water.  The 
covered  infirument  cooled  through  the  fiandard  interval  of 
ten  degrees,  namely,  from  101  \  to  91  f,  in  twenty-feven  and 
three  quarter  minutes;  but  the  naked  infirument  employed  45 
minutes  in  palling  through  the  fame  interval. 

Exp.  26.  Both  infiruments  were  buffered  to  remain  in  the  Exp.  2.6.  And 
cold  all  night,  when  the  temperature  in  the  naked  infirument  heat  more*8 
was  50g-°,  and  that  of  the  covered  infirument  49^°;  the  air  quickly, 
of  the  room  being  48°.  Both  infiruments  were  then  removed 
into  a  warm  room,  of  which  the  temperature  continued  be¬ 
tween 
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Rays  received  as 
well  as  thofe 
emitted,  alter 
the  heats  of  bo¬ 
dies. 


Radiation  does 
not  heat  the  air. 


Steady  tempera¬ 
ture  of  animals, 


may  be  affected 
by  jadiation. 


Inftance  in  ne¬ 
groes. 


Exp.  27.  Black 
.  paint  upon  ani¬ 
mal  membrane 
increafes  radia¬ 
tion. 

Emiflion, 


and  alfo  recep¬ 
tion. 


tween  64°  and  65°.  The  covered  inftrument  acquired  heat 
the  moll  rapidly;  for  in  a  quarter  of  an  hour  both  flood  at 
51|°,  and  at  the  end  of  four  hours  the  naked  inftrument 
fhevved  the  temperature  61°,  and  the  covered  63^°  :  whence 
the  Count  obferves,  that  thofe  fubftances  which  part  with 
heat  the  mod  readily,  have  alfo  the  greated  facility  to  ac¬ 
quire  it. 

He  then  proceeds  to  reafon  on  the  probability  that  the  tem¬ 
peratures  of  bodies  may  be  changed,  not  only  by  the  rays 
they  emit,  but  by  thofe  they  receive  from  other  bodies  ;  and 
as  the  cooling  of  hot  bodies  is  fo  much  accelerated  by  covering 
their  furfaces  with  fubdances  which  affe<5t  the  radiation  or  ab- 
forption,  he  thinks  it  highly  probable  that  the  air  is  but  little 
adedled  as  to  its  temperature,  by  thefe  rays  which  pafs 
through  it;  and  he  contemplates  the  edablithment  of  this  fup- 
podtion,  as  promidng  to  explain  various  intereding  plieno- 
nomena;  particularly  that  of  the  deady  temperature  of  living 
animals,  notwitbdanding  the  great  quantity  of  heat  generated 
in  their  lungs,  and  the  different  temperatures  of  the  duid 
which  furrounds  them. 

For  it  is  evident,  the  greater  power  an  animal  may  poffefs 
of  throwing  off  heat  by  radiation,  independently  of  the  effect 
of  the  contadl  of  the  furrounding  air,  the  lefs  will  his  tem¬ 
perature  be  affeded  by  the  changes  in  that  fluid,  or  (he  op- 
predive  heat  of  the  climate.  The  probability  that  negroes 
and  people  of  colour,  who  fupport  the  heats  of  tropical  cli¬ 
mates  much  better  than  white  people,  offers  itfelf  in  this 
place  as  the  eonfequence  of  their  colour;  a  quality  which  not 
only  enables  them  to  throw  off  heat,  but  even,  as  the  Count 
much  fufpedts,  to  abforb  frigorifle  rays  from  fuch  bodies  as 
may  emit  them. 

Eip.  27.  When  the  flat,  ends  of  both  the  horizontal  cylin¬ 
drical  veffels  were  covered  with  gold-beater’s  lk in,  and  one 
of  them  painted  black  upon  the  covering  with  Indian  ink, 
this  Iafl,  as  indicated  by  the  thermofeope,  emitted  more 
calorific  rays  from  the  included  hot  water  than  the  other  velfel 
did. 

Erp.  28.  When  the  fame  two  veffels  filled  with  boiling-hot 
water,  were  fet  to  cool,  the  blackened  velfel  cooled  through 
the  flandard  interval  of  ten  degrees  in  2 3|  minutes,  while 
the  other,  which  was  not  blackened,  employed  2S  minutes. 
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Hie  author  again  reverts  to  the  application  of  thefe  facts  EfFch  of  the 
to  animal  bodies.  Whether  the  oily  coating  which  lavages  ^  Hottentots"5 
apply  to  their  Ikins  in  cold  climates,  may  not  add  to  their  &c.  and  of  the 
comfort  by  reflecting  frigorilic  rays ;  whether  the  Hottentots,  I^OhT'fkins  ofS 
It  ill  more  difgultingly  belineared,  may  not  derive  advantages  negroes, 
fimilar  to  thole  derived  by  negroes  from  their  black  colour  ? 
are  queftions  that  promife  to  lead  to  refults  of  practical  value. 

He  then  proceeds  to  explain  more  fully  the  manner  in  which 
negroes  may  be  luppofed  to  refill;  the  action  of  a  burning  fun. 

An  oil  exudes  from  the  ikin  of  thefe  people  when  expoled 
naked  to  the  fun;  which  oil  reflects  the  fun’s  calorific  rays. 

Heat  more  intenfe  produces  fweat,  which  not  only  aids  the 
former  procefs,  but  generates  cold  by  evaporation.  But  when 
the  lun  is  let,  the  oil  retires  from  the  furface,  and  the  lkin 
becomes  well  adapted  to  admit  frigorilic  rays  from  the  neigh¬ 
bouring  bodies. 

Exp.  29.  The  thermofcope  was  perceptibly  afleCted  by  the  Exp.  29.  VciTel 
radiation  of  cold  bodies :  It  was  definable  to  know  whether  °*  ^:Uer  ™°'e, 
this  effect  would  be  (hewn  in  a  groffer  way,  by  accelerating  radiation  from 
the  cooling  of  a  hot  body.  For  this  purpofe,  two  conical lCe* 
veflels  of  thin  (beet  brafs,  each  four  inches  diameter  at  the 
bale,  and  four  inches  high,  ending  above  in  a  cylindrical 
neck,  were  feparately  enclofed  in  a  cylinder  of  thin  palie- 
board  covered  with  gilt  paper,  and  then  the  veflels  were 
covered  up  with  rabbit-fkins  having  the  hair  on  them,  in  fuch 
a  manner  that  no  part  of  thefe  veflels,  except  their  fiat  bot¬ 
toms,  was  expofed  naked  to  the  air.  The  bottoms  were  co¬ 
vered  with  gold-beater’s  lkin  painted  black  with  Indian  ink, 
in  order  to  render  them  as  lenfible  as  poffible  to  calorific 
and  frigorilic  rays. 

The  two  veflels  thus  prepared  were  fufpended,  with  their 
bottoms  downwards  from  the  arms  of  a  ftand,  and  undereach 
was  placed  a  pewter  platter  blackened  on  the  infide  by  fmoke 
from  a  candle.  The  platters  themfelves  were  lupported  on 
fliallow  earthen  difhes  which  retied  upon  wooden  Hands;  each 
pewter  platter  having  a  perforated  cover  of  thick  paper,  in  the 
center  of  which  was  a  hole  fix  inches  in  diameter.  The  diftance 
from  the  floor  of  the  room  to  the  fmoked  furface  of  each  platter 
was  40  inches,  and  the  interval  between  the  furface  of  each 
conical  veflfel  and  itscorrefpondent  platter  immediately  beneath, 
was  four  inches.  One  of  the  platters  remained  at  the  tempera¬ 
ture 
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Exp.  30. 

tition. 


Repe- 


Velocityof  cool¬ 
ing  accelerated 
by  the  radiation 
from  ice,  in  the 
ratio  of  5  to  4. 


Exp.  31.  Pro- 
cefs  to  fhew  the 
heat  abf>rbed  by 
the  air  when  a 
current  was  al¬ 
lowed  to  take 
place.  It  was 
then  one  twenty - 
feventh  of  the 
whole  lots. 


tare  of  the  room,  but  the  other  was  kept  conftantly  ice  cold 
by  means  of  pounded  ice  and  water  contained  in  the  difli 
beneath  it. 

The  two  conical  vefTels  were  now  filled  with  boiling  hot 
water,  and  every  precaution  was  taken  to  prevent  agitation  in 
the  air;  the  only  means  by  which  an  afcent  of  cold  lluid  could 
be  fufpected.  The  refult  of  the  experiment  was,  that  the 
veffel  fufpended  over  the  ice-cold  platter  cooled  from  50°  to 
that  of  40 0  above  the  temperature  of  the  room,  in  33  minutes 
and  42  feconds ;  whereas  the  other  veil'd  required  39  minutes 
and  15  feconds  to  cool  through  the  fame  interval. 

Exp,  30.  Upon  repeating  this  experiment  the  next  day, 
the  times  were  33  minutes  15  feconds  and  39  minutes  30 
feconds. 

As  the  cooling  of  thefe  vefTels  is  a  complicated  procefs  which 
includes  the  confideration  of  the  heat  that  palled  through  the 
covered  Tides,  in  thefe  different  times ;  the  Count  enters  into 
a  procefs  of  computation,  founded  on  the  principles  made  ufe 
of  at  page  61,  by  which  lie  determines  that  the  velocity  w-illi 
which  the  heat  paffed  through  the  bottom  of  the  veffel  expofed 
to  the  ice,  was  to  that  with  which  it  palled  through  tiie  bottom 
of  the  other  veffel  as  five  to  four  nearly. 

Exp.  31.  By  the  manner  of  defending  the  two  conical  veffels 
each  had  a  circular  band  or  hoop  of  the  fine  poll  paper  which 
projebted  half  an  inch  below  its  bafe.  It  is  evident  that  the  air  in 
this  fpace  could  not  pafs  upwards,  as  it  became  heated  by  con- 
ta61,  and  confequently,  that  very  little  of  the  cooling  effl  61  could 
have  been  produced  by  the  conta6t  of  an  afcending  current.  To 
afeertain  what  this  effect  might  have  been,  the  two  veffels  were 
fulpended  as  before;  but  one  of  them  had  its  bafe  inclined  in 
an  angle  of  45°,  while  (lie  other  bafe  continued  horizontal.  I11 
this  fituation  they  were  filled  with  boiling  water,  and  fuf- 
fered  to  cool  without  the  platter  and  Hands  beneath  them. 
Two  effe<5is  would  follow  from  thefe  arrangements:  the  veffel, 
which  in  the  other  experiment  had  been  placed  over  a  platter 
at  the  temperature  of  the  room,  would  now’  cool  a  very  little 
fafler  by  the  abfence  of  that  platter,  which  no  doubt  mull  have 
had  its  temperature  a  little  raifed  ;  and  the  inclined  veffel  in 
the  prefent  experiment  would  be  cooled  fomewhat  more  fpee- 
dily,  by  the  fucceffive  contact  of  the  afcending  current  of  air 
which  was  at  liberty  to  rife.  This  veffel  was  (bund  to  cool 
through  the  Handard  interval  of  10°  in  37^  minutes,  and  the 

horizontal 
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horizontal  veflel  employed  38§  minutes.  By  referring  thefe 
tacts  to  computation,  the  Count  finds  that  the  heat  loti  by 
adlual  communication  to  the  air,  is  nearly  ■— j  part  of  the  whole 
lots. 

Exp,  32.  The  counter  radiation  by  the  platter,  which  was  Exp.  3 2.  Velo- 
fta'ed  under  the  laft  experiment  as  impeding  the  cooling  pro-  retarded'by'the 
cefs,  affords  die  important  profpect  of  explaining  the  effe£t  of  vicinity  of  other 
clothing,  and  therefore  deferved  to  be  more  fully  examined,  Hence 

The  experiments  29  and  30  were  therefore  repeated,  with  the 
diftance  of  three  inches  only  between  the  bottom  of  each  vetfel 
and  its  correfponding  platter.  The  times  of  cooling  through 
10°,  were  now  33|  minutes  and  40|  minutes. 

Exp.  33.  And  when  the  diftance  was  diminifhed  to  two ExP*  33*  Repe- 
incbes,  the  times  proved  32f  minutes  and  42|  minutes. 

Thete  experiments  {hew  that  the  vicinity  of  a  cold  body,  vicinity  of 
of  which  the  low  temperature  is  not  kept  up  by  artificial  dies fuccef- 
means,  retards  the  cooling  of  a  hot  body.  And  from  this  tion  will confti- 
fact  the  Count  concludes,  that  if  the  hot  body  had  been  a  tute  a  clothing  $ 
globe  fufpended  in  the  center  of  another  larger  thin  hollow- 
fphere,  of  the  fame  temperature,  at  the  commencement,  as 
the  air  and  walls  of  the  room,  the  cooling  w  ould  have  been 
more  flow  than  if  the  external  globe  had  not  been  prefent ; 
and  alfo,  if  the  external  globe  itfelf  were  included  in  another 
globe  of  the  fame  defeription,  the  retardation  would  have 
been  dill  more  confiderable.  And  by  extending  this  fuppofed 
experiment  to  a  number  of  thin  concentric  hollow  fpheres,  we 
may  conceive  a  great  retardation  to  follow’,  and  fhall  become  - 
acquainted  with  the  nature  of  the  effeds  which  take  place 
when  a  hot  body  is  furrounded  by  proper  clothing. 

If  the  fpheres  were  metallic,  the  cooling  w'ould  be  flower  niore  effectual  if 
if  the  furfaces  were  polifhed  than  if  unpolifhed  or  blackened  5  pohihed^63  ^ 
whence  it  is  highly  probable,  that  the  warmth  of  any  clothing 
depends  very  much  upon  the  polifh  of  its  furface. 

The  microfcope  thews  that  thofe  fubftanccs  which  fupplyFurs,  feathers, 
us  with  the  warmed  coverings,  fiich  as  furs,  feathers,  filks, high’y^iifhed 
and  the  like,  have  their  furfaces  highly  polifhed;  and  the 
finer  the  fibres,  or  the  greater  number  of  interpofed  polifhed 
furfaces,  the  warmer  is  the  clothing. 

In  the  former  experiments  of  Count  Rumford,  he  conftdered  Clothing  defends 
the  warmth  of  clothing  as  principally  depending  on  the  ob- ^dLi-triorTtharT by 


ftades  it  oppofes  to  the  motion  of  the  furrounding  cold  air ;  preventing  cir- 

1  ,  cu)ation  of  the 

UUl  air. 
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Air  heated  only 
at  its  furface 
and  by  radiation. 


Analogy  be¬ 
tween  light  and 
heat. 


A  drop  of  water 
refills  the  heat 
of  ignited  iron, 
by  its  poliih. 


Jt  retains  its  po- 
li fh  longer  in 
filvcr,  and  re¬ 
fills  more. 


Exp.  34.  Water 
rolling  in  a  fpoon 
blackened  with 
fmoke,  cannot 
be  made  to  boil. 


but,  by  a  patient  and  careful  examination  of  the  fubjeCI,  he 
is  convinced  that  the  efficacy  of  radiation  is  much  greater  than 
he  had  fuppofed  :  from  the  refult  of  the  experiment  No.  31, 
it  appears  that  a  very  fmall  part  of  the  heat  ot  a  body  cooled 
in  the  air,  is  in  fact  communicated  to  that  fluid  ;  much  the 
greateft  portion  being  communicated  to  furrounding  bodies  at 
a  diftance ;  and,  in  one  of  his  former  experiments,  a  I10L  body 
was  cooled,  though  it  was  placed  in  a  lorricellian  vacuum. 

He  contiders  the  heat  which  air  receives  by  coming  in  con¬ 
tact  with  a  hot  body,  to  be  communicated  by  radiation,  in  the 
lame  manner  as  it  is  received  by  other  bodies  at  a  greater  dil- 
tar.ce  ;  and  he  apprehends  that  the  contiguous  particle  receives 
the  heat  in  preference  lor  no  other  reafon  than  becaufe  it  is  at 
the  furface  of  the  fluid,  this  being  the  place  where  reflection, 
refraction,  and  increafe  of  temperature,  take  place;  and, 
from  thefe  confiderations,  he  explains  what  has  been  called 
the  non-conduCling  power  of  tranfparent  fluids. 

By  extending  the  analogy  of  thole  facts  which  we  know 
concerning  the  effect  of  polifhed  lurfaces  on  light,  to  the  ra¬ 
diations  of  heat  alfo,  the  preceding  facts  are  eaiily  explained. 
The  frigorific  rays  are  reflected  externally,  and  a  large  por¬ 
tion  of  the  calorific  rays,  which  would  have  ifliied  forth  through 
a  rough  lurface,  are,  in  the  other  cale,  turned  inwards  by 
reflection. 

The  poliflied  furface  of  a  drop  of  water,  which  rolls  about 
at  a  diflance  from  the  face  of  a  piece  of  red-hot  iron,  enables 
it  to  refleCt  the  calorific  rays ;  the  water  acquires  little  heat, 
and  evaporates  (lowly. 

With  a  lefs  heat  the  water  enters  the  pores  of  the  oxide 
upon  the  metal,  lofes  its  polilh,  acquires  heat  very  rapidly, 
and  is  foon  evaporated. 

If  the  metal  be  lefs  oxidable,  as,  for  example,  a  1'ilver- 
fpoon,  the  drop  of  water  will  lupporl  or  refill  a  lower  heat. 
In  faCt  it  does  not  lo  foon  lole  its  polilh  ;  but  at  a  ftill  lower 
heat,  that  is  to  lay,  a  little  above  boiling-water,  a  drop  of 
water  is  inftantaneoully  evaporated. 

Exp,  3  1.  A  clean  poliflied  fpoon,  rendered  black  by  hold¬ 
ing  it  over  the  flame  of  a  wax  candle,  will  receive  a  large 
drop  of  water,  which  will  roll  about  without  wetting  the 
blackened  furlace.  This  drop  cannot  be  made  to  boil  by 
holding  the  fpoon  over  the  flame  of  a  candle.  When  the 

fpoon 
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fpoon  is  too  hot  to  be  held  by  its  handle,  the  drop  of  water 
poured  into  the  palm  of  the  hand  is  warm,  but  by  no  means 
fcalding  hot. 

Exp.  35.  If  a  large  drop  of  water  be  formed  at  the  end  of  EXP-  35-  DroP 
a  fmall  fplinter  of  light  wood,  and  the  drop  be  thruft  quickly  th^flam^of 
into  the  center  of  the  flame  of  a  newly  {huffed  candle,  it  will  candle,  k  not 

»  i 

remain  for  a  confiderable  time  in  the  center  of  the  flame,  ea  e  * 
without  being  apparently  affected  by  the  heat;  and  if  it  be 
taken  out  of  the  flame  and  put  upon  the  hand,  it  will  not  be 
found  to  be  fcalding  hot.  If  it  be  held  for  fome  time  in  the 
flame,  it  will  be  gradually  diminifhed  by  evaporation  ;  but  it 
does  not  appear  that  the  heat  is  communicated  by  the  flame, 
but  by  the  wood  to  which  it  adheres,  which  is  foon  heated, 
and  at  laft  fet  on  fire. 

The  remainder  of  the  Count’s  memoir  confifls  of  theoretical  Why  the  theo- 

remarks  and  inferences,  occupying  29  pages  of  the  Tranfac- ret  cal  iemar^s 

*  are  not  here 

lions.  I  have  endeavoured  faithfully  to  deferibe  the  facts  in  abridged, 
the  way  of  abridgement,  but  cannot  with  the  lame  facility 
do  juftice  to  thefe  argumentative  relults.  I  (ball  therefore, 
for  the  prelent,  conclude  my  account  of  his  paper;  but  may 
not  perhaps  wholly  overlook  his  theories  upon  fome  future 
occafion. 


XIII. 

Letter  from  Profeffor  Veau-de-Launay  to  J.  C.  Dela- 
metherie,  on  fulminating  Silver  *. 

iAcS  it  is  at  all  times  ufeful  to  ftate  fads,  whatever  may  be  Accident  with 
the  refults,  I  think  it  right  to  inform  you  of  an  accident  which  fulminating 
occurred  in  my  laboratory. 

I  had  employed  one  of  my  pupils,  a  very  good  operator,  to 
prepare  a  fmall  quantity  of  fulminating  filver,  which  heexecuted 
with  {kill. 

The  quantity  obtained  wras  about  five  grains,  or  a  quarter  of 
a  gramme:  it  was  depofited  in  a  cryfial  capfule  about  two  lines 
in  thicknefs.  He  had  taken  a  fmall  quantity,  about  halt  a 
grain,  which  was  feparated  with  a  card,  and  then  dried,  and 

*From  Journal  de  Phyfique,  &c.  Floreal,  An.  XII. 
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Difadvantagcs  in 
the  conftruttion 
of  evaporating 
furnaces,  See. 


afterwards  detonated  by  flight  friCtion.  Next  day,  that  is  to 
fay  twenty-four  hours  after  the  preparation,  this  young  perfon 
was  defirous  of  taking  an  equal  quantity  from  the  capfule  to  re¬ 
peat  the  experiment,  but  he  had  fcarcely  touched  the  preparation 
with  the  corner  of  a  card  when  a  violent  detonation  andexplo- 
iion  took  place  in  the  capfule  which  was  (battered  into  a  thou- 
fand  pieces.  His  face  was  covered  with  the  vap&rifed  prepa¬ 
ration,  which  was  almoft  black,  and  adhered  drongly  to  the  fkin : 
his  eyes  experienced  a  drong  (hock,  which  produced  extreme 
pain  ;  the  opaque  cornea  became  red  and  inflamed.  Happily 
his  fear  was  the  greated  evil :  by  wafhing  and  bathing  his  eyes 
and  face  frequently  with  cold  water,  the  effects  of  the  detona¬ 
tion  were  foon  didipated. 

Fortunately,  none  of  the  fragments  of  the  glafs  had  touched 
his  eyes  or  his  face  ;  they  were  thrown  nearly  in  a  horizontal  di¬ 
rection,  to  a  confiderable  diftance:  Some  were  thrown  upwards 
of  twelve  feet. 

As  the  effects  of  this  preparation  may  have  more  calamitous 
confequences.  I  think  it  ufeful  to  be  guarded  againd  the  dan¬ 
gers  which  it  may  occafion. 


XIV. 


Pyrotechnic  Obfervations ,  with  their  Application  to  evaporating 
Furnaces *.  By  Cit.  Curaudau,  Corresponding  Member  of 
the  Apothecaries  Society  of  Paris,  and  Refident  Ajfociate  at  the 
Atheneum  of  Arts. 


Since  i  publiihed  my  obfervations  on  the  caufes  of  the 
imperfections  of  evaporating  furnaces,  I  have  had  occafion  to 
make  others  on  the  fame  fubjeCt,  the  application  of  which  may 
add  to  the  advantages  in  their  conftruCtion  which  I  have  made 
known. 

In  my  fird  memoir,  I  proved  that  the  bottom  of  the  copper 
in  the  evaporating  furnaces,  not  only  obdruCts  the  elevation  of 
the  temperature,  but  alfo  diminifhes  the  activity  of  the  fire,  and 
is  rather  favourable  to  the  gazification  of  the  combudible  body, 
than  to  its  oxigenation  :  I  cited  the  lamp  of  Argand  with  its 


*  From  Annales  de  Chimie,  No.  149,  Florea),  An.  XII. 
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glals  chimney,  as  an  example  of  the  neceffity  of  raifing  the 

temperature  round  the  combuftible,  whenever  acompleat  and 

powerful  combuftion  is  required.  At  prelent,  I  (hall  take  the 

enameller’s  lamp  as  an  example  in  fupport  of  my  newobferva- 

tions :  I  may  fay  that  I  am  indebted  to  the  examination  of  its 

effects,  for  thole  which  it  has  led  me  to  make.  In  fa<5t,  if  the  Effedte  of  the 

jet  of  the  flame  of  an  enameller’s  lamp  be  examined,  it  will  be  onrth<Tflamelof 

found  that  the  intenfity  of  its  action  depends  on  the  current  of  Argand’s  lamp, 

air  which  is  direfted  on  the  dame  of  the  wick  ;  it  will  alfo  be 

leen,  that  it  is  only  at  the  extremity  of  its  jet  that  the  greateif 

energy  of  the  calorific  rays  exills,  and  that  its  intenfity  isfuch 

that,  by  means  of  this  lamp,  effects  may  be  produced,  which 

are,  comparatively,  as  powerful  as  thole  obtained  in  our  bed 

furnaces. 

This  mode  of  a&ion  of  the  caloric  proves,  therefore,  that  its 
effects  may  be  augmented,  by  augmenting  the  rapadity  of  its 
current,  and  by  directing  it  fkilfully  upon  the  body  to  be  heated. 

Thefe  are  the  conditions  which  I  have  endeavoured  to  unite  in 
my  new  condruction,  and  which,  agreeably  to  the  application 
I  have  made  of  them,  are  employed  to  fupport  an  opinion  which 
required  an  experiment  on  a  large  fcale  to  efcape  being  placed 
in  the  clafs  of  hypolhefes. 

Having  been  lately  confulled  upon  the  condru6tion  of  a  applied  to  works 
brewer’s  furnace,  I  took  the  opportunity  to  fhow  the  great  ad-ona  larse  ^ca‘e’ 
vantages  of  the  alterations  which  my  obfervations  appeared  to 
me  to  render  neceffary,  and  to  induce  the  proprietor  to  condru<5t 
his  furnace  according  to  the  plan  I  fent  him. 

The  following  is  the  refult  of  the  experiments  which  were  Companion  of 
made  to  afeertain  tbe  advantages  pofTeffed  by  the  new  furnace two  ^urnaces’ 
over  that  which  it  replaced. 

The  old  furnace  required  2\  hours  to  raife  the  temperature 
of  2300  litres  of  well-water  to  30°  of  Reaumur,  and  confumed 
in  the  operation,  which  was  repeated  daily,  625  kilogrammes 
of  new  dry  wood. 

Tiie  prefent  furnace,  on  the  contrary,  confumes  only  450 
kilogrammes  of  wood  in  the  lame  operation,  and  is  only  one 
hour  in  raifing  the  temperature  of  2500  litres  of  well-water 
to  50°  :  Whence  it  refults,  that  this  new  conftru&ion  evidently 
makes  a  faving  of  in  time  and  nearly  one  third  in  the  com- 
buftible. 


Such 
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Such  advantages  appeared  to  me  to  be  of  fulfieient  importance 
to  defer ve  to  be  known,  and  to  make  it  defirable  that  advan¬ 
tage  may  be  taken  of  a  new  procefs  which  will  have  great 
influence  on  the  economy  of  the  fuel  necctfary  in  manufac¬ 
tures. 


Dcfcription  of  the  Furnace .  Plate 

A.  Opening  of  the  fire-place:  it  is  Lb  inches  w’ide  and  13 
high. 

B.  This  part  of  the  furnace  refembles  a  vault:  It  is  21§- 
inches  in  height,  31  \  in  width,  and  5  feet  in  depth.  To  add 
to  the  effect  produced  by  the  heat,  I  give  the  middle  of  the 
fire  place  a  depth  of  2  inches  more  that  at  its  fides,  which  makes 
it  preceptibly  concave. 

C.  An  opening  made  in  the  middle  of  the  vault,  and  which 
is  intended  to  increafe  the  rapidity  and  the  action  of  the  calo¬ 
rific  rays;  it  is  5  inches  high,  and  is  equal  in  thicknefs  to  the 
vault.  In  its  lower  part,  this  opening  is  23|  inches  long,  and 
17f-  wide;  and,  in  its  upper  part,  is  19|  long,  and  1 3|  wide, 
which  gives  each  extremity  of  the  opening  the  form  of  a  fphe- 
roid  vvhofe  longeft  axis  is  in  the  direction  of  the  length  of  the 
vault. 

D.  The  diftance  of  the  copper  from  the  orifice  for  the  heat 
is  5  inches  in  the  middle,  and  is  reduced  to  4,  at  the  angle 
E,  which  gives  the  advantage  of  concentrating  the  calorific 
rays,  in  proportion  as  they  lofe  their  intenfity  by  their  ex¬ 
pan  fi  on. 

From  the  angle  E  to  that  at  F,  there  is  a  diftance  of  15 
inches :  the  re-entering  angle  of  F  is  2|  inches  from  the  cop¬ 
per,  and  its  faliant  angle  only  one  inch. 

G  and  H  are  angles  (imilar  to  that  at  F,  but  which  are  1 1 
inches  diftant  from  each  other :  thefe  angles  may  be  multiplied 
according  to  the  height  of  the  copper.  The  advantages  which 
they  give  confifl  in  making  the  calorific  ftream  undergo  feveral 
breaks,  which  increafes  their  power  at  the  place  of  their 
deviation. 

I  is  an  opening  communicating  with  the  chimney  :  it  is  27 
inches  wide  and  5  inches  high.  At  the  angle  H,  half  the 
circumference  of  the  furnace  fliould  be  clofed  by  a  row  of 
bricks,  for  the  purpofe  of  forcing  the  heat  to  diredt  itfelf  from 

the 


ACCOUNT  OF  A  CURIOUS  PHENOMENON. 


207 


tlie  Title  oppofite  to  the  chimney  ;  immediately  above  this 
courfe  of  bricks,  thofe  which  fuccecd  muft  be  removed  four 
inches  from  the  copper,  and  continue  fo  to  the  height  of  four 
inches;  afterwards  each  courfe  of  bricks  mufl  be  brought 
nearer,  fo  that  this  refervoir  of  heat  may  be  clofed  at  the 
height  of  five  inches,  which  muff  be  done  round  all  the  cir¬ 
cumference  of  the  copper. 

K  is  the  opening  of  the  chimney  :  it  muft  be  three  deci¬ 
metres  fquare  through  all  its  height,  and  at  leaft  four  metres 

big1'- 

L  is  a  blower  of  hammered  iron  ;  it  is  one  metre  above  the 
copper,  and  ferves  to  open  or  dole  the  chimney  at  pleafure. 

The  proportions  laid  down  in  this  plan  are  intended  for  a 
copper  four  feet  three  inches  wide  in  its  lower  part,  and 
forty  inches  deep. 


XV. 


An  Account  of  a  curious  Phenomenon  obferved  on  the  Glaciers  of 
Chamouvy ;  together  tilth  fame  occafonal  Observations  con¬ 
cerning  the  Propagation  of  Heat  in  Fluids.  Bp  Benjamin 
Count  of  Rum  ford,  V.  P.  R.  S.  Foreign  Ajfociate  of  the 
National  Injlitute  of  France,  fyc.  fyc.  * 

In  an  excurfion  which  I  made  the  laft  fummer,  in  the  month  Cylindrical  pit 
of  Auguft,  to  the  Glaciers  of  Chamouny,  in  company  with  (‘^n.a  ma^s  or  *ea 
Profeflor  Piclet  of  Geneva,  I  had  an  opportunity  of  obferving,  ^  ” 

on  what  is  called  the  Sea  of  Ice,  (Mer  de  Glace,)  a  phenome¬ 
non  very  common,  as  1  was  told,  in  thofe  high  and  cold  regions, 
but  which  was  perfectly  new  to  me,  and  engaged  all  my  atten¬ 
tion.  At  the  furface  of  a  (olid  ma(s  of  ice,  of  vaft  thicknefs 
and  extent,  we  difeovered  a  pit,  perfectly  cylindrical,  about 
(even  inches  in  diameter,  and  more  than  four  feet  deep;  quite 
full  of  water.  On  examining  it  on  the  infide,  with  a  pole,  I 
found  that  its  fides  were  polifhed;  and  that  its  bottom  washe- 
mifpherical,  and  well  defined. 

This  pit  was  not  quite  perpendicular  to  the  plane  of  the 
horizon,  but  inclined  a  little  towards  the  fouth,  as  it  de- 
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They  are  fre¬ 
quently  found, 


feended  ;  and,  in  confcquence  of  this  inclination,  its  mouth 
or  opening,  at  the  furface  of  the  ice,  was  not  circular,  but 
elliptical. 

From  our  guides  I  learnt,  that  thefe  cylindrical  holes  are  fre¬ 
quently  found  on  the  level  parts  of  “the  ice;  that  they  are  formed 
during  the  (uinmer,  increafing  gradually  in  depth,  as  long  as 
the  hot  weather  continues;  but  that  they  are  frozen  up,  and 
di (appear,  on  the  return  of  winter. 

Inference againft  I  would  afk  thofe  who  maintain  that  water  is  a  condu6tor 

the  conducting  Qf  ]ieat  how  thefe  pits  are  formed?  On  a  fuppofilion  that 
power  or  water,  .  ..  1  ,  .  .  1  r 

there  is  no  direct  communication  of  heat  between  neighbour¬ 
ing  particles  of  that  fluid,  which  happen  to  be  at  different 
degrees  of  temperature,  the  phenomenon  may  eafily  be  ex¬ 
plained  ;  but  it  appears  to  me  to  be  inexplicable  on  any  other 
fuppotition. 

The  quiefcont  mafs  of  water,  by  which  the  pit  remains  con- 

•  ftantly  filled,  muft  neceffarily  be  at  the  temperature  of  freezing; 

for  it  is  furrounded  on  every  fide  by  ice :  but  the  pit  goes  on  to 

increafe  in  depth,  during  the  whole  fummer.  From  whence 

comes  the  heat  that  melts  the  ice  continually  at  the  bottom  of 

the  pit  ?  and  how  does  it  happen,  that  this  heat  a£ls  on  the 

bottom  of  the  pit  only,  and  not  on  its  tides  ? 

Solution  of  the  Thefe  curious  phenomena  may,  I  think,  be  explained  in  the 

effeft  by  the  following  manner :  The  warm  winds  which,  in  fummer,  blow 
greater  denfity  of  . 

water  above  zero,  over  the  furface  of  this  column  or  ice-cold  water,  muff  undoubt- 
edly  communicate  fome  fmall  degree  of  heat  to  thole  particles 
of  the  fluid  with  which  this  warm  air  comes  into  immediate 
contact ;  and  the  particles  of  the  water  at  the  furface  lo  heated, 
being  rendered  fpecihcally  heavier  than  they  were  before,  by 
this  fmall  increafe  of  temperature,  fink  flovvlv  to  the  bottom  of 
the  pit ;  where  they  come  into  contatd  with  the  ice,  and  commu¬ 
nicate  to  it  the  heat  by  which  the  depth  of  the  pit  is  continually 
increafed. 

This  operation  is  exa&ly  fmilar  to  that  which  took  place  in 
one  of  my  experiments,  (See  my  Effay  on  the  Propagation  of 
heat  in  Fluids,  Experiment  17,)  therefults  of  which,  no  perfon, 
to  my  knowledge,  has  yet  explained. 

Conftant  tem-  There  is  another  very  curious  natural  phenomenon,  which  I 

perature  of  wa-  cou|d  wi(h  t0  fee  explained  in  a  fatisfa&ory  manner,  by  thofe 
ter  at  the  bottom  _  _  .  . 

of  deep  lakes,  who  ltill  relufe  their  allent  to  the  opinions  1  have  been  led  to 

offered  in  fup-  adopt,  refpe&ing  the  manner  in  which  heat  is  propagated 
port  of  the  non- 

r  '  in 
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in  fluids.  The  water  at  the  bottoms  of  all  deep  lakes  is  con- conducing  pro- 
ffantly  at  the  fame  temperature,  (that  of  41°  Fahrenheit,) pert^  °*  flu*ds‘ 
Runnier  and  winter,  without  any  fenfible  variation.  This 
alone  appears  to  me  to  be  quite  {efficient  to  prove,  that  it 
there  be  any  immediate  communication  ot  heat  between  neigh¬ 
bouring  particles  or  molecules  of  water,  de  proche  en  proche,  or 
from  one  of  them  to  the  other,  that  communication  muff  be  I'o 
extremely  flow,  that  we  may  with  fafety  conffder  it  as  having 
no  exiffence  ;  and  it  is  with  this  limitation  that  I  beg  to  be 
underffood,  when  I  fpeak  of  fluids  as  being  non-condu<5iors  of 
heat. 

In  treating  of  the  propagation  of  heat  in  fluids,  I  have  hitherto 
confined  mylelf  to  the  inveffigation  of  the  Ample  matter  ot  fa6tp 
without  venturing  to  offer  any  conjectures  relative  to  thecaufes 
of  the  phenomena  obferved.  But  the  refults  of  recent  experi¬ 
ments  on  the  calorific  and  frigorific  radiations  of  hot  and  ot  cold 
bodies,  (an  account  of  which  I  fhall  have  the  honour  of  laying 
before  the  Royal  Society  in  a  fliort  time,)  have  given  me  fome 
new  light  relpeCting  the  nature  of  heat,  and  the  mode  of  its  com¬ 
munication;  and  I  have  hopes  of  being  able  to  fhovv  why  all 
changes  of  temperature,  in  tranfpartnt  liquids,  muff  neceflarily 
take  place  at  their  furfaces. 

I  have  feen  with  real  pleafure,  that  feveral  ingenious  gen- Notice  of expe- 

tlemen,  in  London,  and  in  Edinburgh,  have  undertaken  the  r)mentsj 

A.  .  ,  c  ,  .  this  doctrine, 

inveffigation  ot  the  phenomena  ot  the  propagation  ot  heat  m 

fluids;  and  that  they  have  made  a  number  of  new  and  inge¬ 
nious  experiments,  with  a  view  to  the  farther  elucidation  of  that 
mod  intereffing  fubje<5t.  If  I  have  hitherto  abflained  from 
taking  public  notice  of  their  obfervations  on  the  opinion  I  have 
advanced  on  that  fubject,  in  my  different  publications,  it  was 
not  from  any  want  of  refpedff  for  thofe  gentlemen  that  I  re¬ 
mained  fllent,  butbecaufe  I  ffill  found  it  to  be  quite  impoffible 
to  explain  the  refults  of  my  own  experiments,  on  any  other 
principles  than  thofe  which,  on  the  molt  mature  and  difpaf- 
flonate  deliberation,  I  had  been  induced  to  adopt;  and  becaufe 
iny  own  experiments  appeared  to  me  to  be  quite  as  conclufive 
(to  fay  no  more  of  them)  as  thofe  which  were  oppofed  to  them  ; 
and,  laftly,  becaufe  I  confidered  the  principal  point  in  difpule, 
relative  to  the  paffage  of  heat  in  fluids,  as  being  fo  clearly 
eflablifhad  by  the  circumffances  attending  feveral  great  opera¬ 
tions  of  nature,  that  this  evidence  did  not  appear  to  me  to  be  in 

Vol.  IX. — Novemeek,  1804.  R  danger  , 
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danger  of  being  invalidated  by  concluAons  drawn  from  partial 

and  imperfeft  experiments,  and  particularly  from  fuch  a*  are 

allowed  on  all  hands  to  be  extremely  delicate. 

Heat  of  the  Tides  In  all  our  attempts  to  caufe  heat  to  defcend  in  liquids,  the 

of  the  vtflel,  ])eat  unavoidably  communicated  to  the  Tides  of  the  containing 
and  defcending  J  #  n 

current  in  a  vef-  veffel,  muft  occafion  great  uncertainty  with  refpeft  to  therefuUs 
fd  of  ice.  of  the  experiment ;  and,  when  that  veflel  is  conAru&ed  of  ice, 
the  flowing  down  of  the  water  refulting  from  the  thawing  of 
that  ice,  will  caufe  motions  in  the  liquid,  and  confequently  in¬ 
accuracies  of  Aill  greater  moment,  as  I  have  found  from  my 
own  experience ;  and,  when  thermometers  immerfed  in  a  liquid, 
atafmall  diAance  below  its  fur  face,  acquire  heat,  inconfequenee 
of  a  hot  body  being  applied  to  the  furface  of  the  liquid,  that 
event  is  no  decifive  proof  that  the  heat  acquired  by  the  thermo¬ 
meter  is  communicated  by  the  fluid,  from  above,  downwards, 
from  molecule  to  molecule,  de  proche  en  proche;  fo  far  from 
being  To,  it  is  not  even  a  proof  that  it  is  from  the  fluid  that  the 
thermometer  receives  the  heat  which  it  acquires;  for  it  ispofli- 
ble,  for  aught  we  know  to  the  contrary,  that  it  may  be  occa- 
fioned  by  the  radiation  of  the  hot  body  placed  at  the  furface  of 
the  fluid. 

Reference  to  the  In  the  experiments  of  which  I  have  given  an  account,  in  my 
experiments  of  £ffay  0n  the  Propagation  of  Heat  in  Fluids,  great  mafles, 
many  pounds  in  weight,  of  boiling  hot  water,  were  made  to 
repofe  for  a  long  time  (three  hours)  on  a  cake  of  ice,  without 
melting  but  a  very  fmall  portion  of  it;  and,  on  repeating 
the  experiment  with  an  equal  quantity  of  very  cold  water, 
(namely,  at  the  temperature  of  41°  Fahrenheit,)  nearly  twice 
as  much  ice  was  melted  in  the  fame  time.  In  thefe  experi¬ 
ments,  the  caufes  of  uncertainty  above  mentioned  did  not 
exift  :  and  the  refults  of  them  were  certainly  mod  Ariking. 

Theconcluflons  wdiich  naturally  flow  from  thofe  refults,  have 
always  appeared  to  me  to  be  fo  perfectly  evident  and  indifputa- 
ble,  as  to  fland  in  no  need,  either  of  elucidation,  or  of  farther 
proof. 

If  water  be  a  conductor  of  heat,  how  did  it  happen  that  the 
beat  in  the  boiling  water  did  not,  in  three  hours,  find  its  way 
downwards,  to  the  cake  of  ice,  on  which  it  repofed,  and  from 
which  it  was  feparated-only  by  a  Aratum  of  cold  water,  half  an 
inch  in  thicknefs  ? 


ftanding  over 
ice. 
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I  wiflm  that  gentlemen  who  refufe  their  affent  to  the  opinions  Recapitulatory 

-  .  ,  arguments. 

have  advanced  refpecting  the  caufes  ot  this  curious  pheno¬ 
menon,  would  give  a  better  explanation  ot  it  than  that  which  I 
ave  ventured  to  offer.  I  could  likewife  with  that  they  would 
iform  us  how  it  happens,  that  the  water  at  the  bottoms  ot  alt 
eep  lakes  remains  conftantly  at  the  fame  temperature:  and, 
bove  all,  how  the  cylindrical  pits,  above  defcribed,  are  formed 
i  the  immenfe  maffes  of  folid  and  compact  ice  which  compofe 
le  Glaciers  of  Chamouny  ! 

A  remark,  which  furprifed  me  not  a  little,  has  been  made  by  Notice  of  one  ret 

gentleman  of  Edinburgh,  (Dr.  Thompfon,)  on  the  exPeri~  xhompfon? 
ments  I  contrived,  to  render  vifible  the  currents  into  which 
quids  are  thrown  on  a  fudden  application  of  heat,  or  ot  cold, 
le  conceives,  that  the  motions  obferved  in  my  experiments, 
mong  the  finall  pieces  of  amber  which  were  fufpended  in  a 
'eak  flotation  of  potath  in  water,  were  no  proot  ot  currents 
xifling  in  that  liquid  ;  as  they  might,  in  his  opinion,  have  been 
ccafioned  by  a  change  of  fpecific  gravity  in  the  amber,  or  by 
ir  attached  to  it.  I  am  forry  that  fo  mean  an  opinion  of  my 
ccuracy  as  an  obferver  fnould  have  been  entertained,  as  to 
nagine  that  I  could  have  been  fo  eatily  deceived.  For  nothing 
irely  is  eatier,  than  to  diftinguiflm  the  motion  of  a  folid  fuf- 
ended  in  a  liquid  of  the  tame  fpecific  gravity,  which  is 
arried  along  by  a  current  in  the  liquid,  from  that  ot  a  body 
,’hich  defeends,  or  afeends,  in  the  liquid,  in  confequence  ot 
s  relative  weight,  or  levity.  In  the  one  cafe,  the  motion  is 
niform;  in  the  other,  it  is  accelerated.  In  a  current,  the  body 
may  be  carried  forward  in  all  directions,  and  even  in  curved 
nes ;  but,  when  it  falls  in  a  quiefeent  fluid,  by  the  action  of 
ravity,  or  rifes,  in  confequence  ot  its  being  fpecifically 
ghter  than  the  fluid,  it  mull  neceffarily  move  in  a  vertical 
irection. 

The  fad  is,  that  I  very  often  obferved,  in  the  courfe  of 
my  numerous  experiments,  the  motions  of  fmall  particles  of 
matter,  of  different  kinds,  in  water,  which  Dr.  Thompfon 
eferibes ;  but,  fo  far  from  inferring  from  them  the  exiflence 
f  currents  in  that  fluid,  their  caufe  was  fo  perfe6tly  evident, 
hat  I  did  not  even  think  it  neceffary  to  make  any  mention  of 
hem. 

I  cannot  conclude  this  Paper,  without  requefling  that  the 
loyal  Society  would  excufe  the  liberty  I  have  taken  in  troubling 

p  2  them 
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tliem  with  thefe  remarks.  Very  defirous  of  avoiding  every  fpe- 
cies  of  altercation,  I  iiave  hitherto  cautioufly  abflained  from 
engaging  in  literary  difputes;  and  I  fhall  mod  certainly  endea¬ 
vour  to  avoid  them  in  future. 

I  am  refponfible  to  the  public  for  the  accuracy  of  the  accounts 
which  1  have  publithed  of  my  experiments;  but  it  cannot  rea- 
ionably  be  expedled,  that  I  fhould  anfwer  all  the  objections  that 
may  be  made  to  the  conclufions  which  1  have  drawn  from  them. 
It  will  however,  at  all  limes,  afford  me  real  fatisfaction  to  fee 
my  opinions  examined,  and  my  miftakes  corrected;  for  my  tirfi 
and  molt  earned  with  is,  to  contribute  to  the  advancement  of 
ufcful  knowledge. 


XVI. 

Account  of  tuo  Sketches  ;  viz.  one  for  a  perpetual  Motion ,  and 
the  other  of  a  jointed  Parallel  Rule,  which  has  no  fide  Deviation. 
Jn  a  Letter  from  R.  B. 

To  Mr.  NICHOLSON. 

SIR, 

Perpetual  mo-  1  was  much  gratified  feveral  years  ago  by  fome  etfays  with 
in  ^h^Pl  i’ofo  w^ich  you  obliged  your  readers  upon  the  perpetual  motion.  In 
phical  Journal,  the  firft  volume,  p.  375,  of  your  quarto  feries,  I  find  an  account  of 
feveral  fchemes  {neceffarily  abortive)  for  producing  perpetual 
motions  by  the  action  of  gravity,  and  in  your  third  volume,  I 
find  an  account  of  various  methods  of  keeping  up  the  motion 
of  a  machine  by  means  of  the  changes  which  take  place  in  the 
barometer  and  thermometer.  I  have  ventured  to  fend  you  the 
lketch  of  a  project  for  a  perpetual  motion  of  the  latter  kind, 
which  has  long  remained  among  my  memorandums.  You  will 
fee  that  it  is  not  of  the  clafs  of  perpetual  motions  properly 
(peaking,  but  merely  the  application  of  fome  exifting  intermit¬ 
tent  motions  in  nature  to  the  purpole  of  maintaining  the  rotation 
of  machinery.  If  you  fhould  hefitate  about  inferting  this,  I 
think  the  other  fketch  which  accompanies  it  of  an  ufeful  in- 
firumei  t,  cannot  tail  to  meet  your  approbation. 

Dffcripdon  of  a  Fig.  1,  Plate  XII.  A  reprefents  the  marine  barometer  of 

wheel  kept  in  j-|alley,  but  varied  by  the  addition  of  a  veffel  B  at  the  open 

motion  by  the  /  .  r 

marine  barome-  end,  in  which  the  water  or  other  fluid,  expoles  a  furface  nearly 
t*r*  equal 
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equal  to  that  in  the  clofed  veflTel  A.  Thefe  two  veflfels  are 
connected  by  a  long  horizontal  tube  G.  It  is  evident  that  any 
change,  either  in  the  prefl'ure  of  the  external  air  or  the  elaflicity 
of  the  internal  air,  will  caufe  the  fluid  to  run  along  the  tube, 
and  add  to  the  weight  of  A  or  of  B  according  to  circumflances. 

The  heavier  veflTel  will  preponderate  ;  but  it  will  be  prevented 
from  defceoding  too  far  by  a  flop  or  bearing  to  which  it  will 
arrive.  Any  change  in  the  inclination  of  G  will  move  the  at¬ 
tached  lever  C  D  ;  by  means  of  which,  one  of  the  tw  o  hori¬ 
zontal  racks  w  ill  be  made  to  pulh  round  that  ratchett  wheel  into 
which  its  teeth  fall,  at  the  fame  time  that  the  other  rack  will  be 
drawn  backwards  upon  its  wheel.  The  oppofite  action  will 
drive  forward  the  other  wheel;  and  as  both  thefe  wheels  are 
fixed  on  the  fame  axis,  the  fyflem  will  be  driven  the  fame 
way  by  every  change  of  denfity  or  weight  in  the  air  that  takes 
place. 

The  other  inftrument,  Fig.  3,  is  a  parallel  rule  which  is  Account  of  a 
framed  without  any  Aiding  work,  and  opens  to  a  much  greater new  parallel  1U,L> 
extent  than  ufual,  without  any  fide  deviation.  I  do  not  know 
the  inventor;  but  it  was  communicated  to  me  by  a  private 
hand.  The  jointed  parts  are  reprefented  in  Fig.  2,  and  the 
dimenfions  are  exprefled  by  the  fmall  numerals.  From  the 
joint  D  to  the  joint  E  upon  the  bar,  C  E,  the  diflance,  is  = 

1  ;  from  the  joint  E  to  the  joint  A,  =  2 ;  from  the  joint  A 
to  the  joint  B,  =  3  ;  and  from  the  joint  B  to  the  joint  D,  == 

4< ;  which  is  alfo  equal  to  the  part  D  C  of  the  Bar  E  C.  Now 
it  is  found,  and  I  muft  leave  the  mathematical  proof  to  your 
readers,  that  the  point  C  moves  by  the  opening  from  B  (upon 
which  it  lies  when  thut)  in  a  firait  line,  very  nearly  at  right 
angles  with  B  A.  From  this  property  it  is  eafily  (een,  that 
two  parallel  rules,  having  the  fyflem  of  four  bars  fixed  to 
each,  and  conne&ed  as  in  the  figure,  will  be  moveable  without 
fide  deviation,  and  will  preferve  their  paraHelifm  in  all 
fituations. 

I  am  Sir, 

Your  obliged  hufrtble  fervant, 

R.  B. 
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Familiar  Account  of  the  Method  of  ejlimating  the  Value  of  a 
Steam-Engine  in  HorJc- Powers  as  they  are  called.  By  a  Corre- 
Jpondent. 

To  Mr.  NICHOLSON. 

SIR, 

.i^Syour  excellent  Journal  is  the  repofitory  for  u refill  informa¬ 
tion,  whether  fcientific  or  practical,  I  have  thought  I  fhotild  oblige 
many  manufacturers  and  others  of  your  readers,  by  fending  you  a 
very  clear  report  about  horfe-powers,  which  a  friend  of  mine 
has  communicated  to  me,  and  was  received  by  him  from  an 
eminent  character  in  anfwer  to  an  enquiry  profeffionally  made. 

It  dearly  appears  from  this  paper,  that  the  calculation  by 
liorfe-pow'ers  mud  be  fallacious,  unlefs  engineers  could  agree  as 
to  the  quantity  of  work  they  would  arbitrarily,  in  the  firfl 
inftance,  aferibe  toonehorfe;  and  then  the  expretfion  w’ould  be 
nugatory.  And  not  only  fo,  but  it  would  not  then  be  true  that 
the  value  of  a  fleam-engine  in  work,  however  clearly  exprefT- 
ed  in  quantity  per  day,  would  be  fairly  (hewn,  unlefs  the 
wages  or  food  of  the  working  being  were  taken  into  the  ac¬ 
count.  Coals  may  be  (liled  the  food  of  a  fleam-engine,  and  no¬ 
thing  is  more  evident  than  that,  if  two  engines  raife  equal  quanti¬ 
ties  of  water  per  hour,  but  confume  different  quantities  of  coal, 
they  will  not  be  equally  beneficial  to  the  proprietors.  I  would 
therefore  propofe,  that  the  eflimate  (hould  be  made  by  attend¬ 
ing  to  thefe  two  particulars  only,  and  faying  nothing  about 
borfes,  at  lea fl  in  fpecific  arguments  intended  to  have  legal 
effects :  And,  as  a  fupplement  to  the  fafls  and  obfervations 
contained  in  the  report,  I  will  add,  that  one  of  the  befl  en¬ 
gines  of  Boulton  and  Watt,  has  been  known  to  raife  between 
28  and  30  millions  of  pounds  of  w'ater  to  the  height  of  one 
foot  with  one  bufhel  of  good  coals,  w-hich  appears  to  be  an 
outfide  meafure  ;  and  that,  though  there  are  fubfequent  im¬ 
provements  both  in  the  conflru<51ion  of  furnaces  and  the  work¬ 
ing  gear,  yet  there  are  fome  among  late  engines  w  hich  fail 
fhort  of  20  millions. 

I  am.  Sir, 

Your  conftant  reader, 

J' 
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Report  concerning  the  Power  of  a  Steam-Engine  ereftcd  by  Con- 

traR  at  *  *  *  *. 

IT  is  required  to  determine  whether  the  fteam-engine  ereded  Steam  engine 

at  *  *  *  *  by  Mr.  - ,  he  equal  to  the  power  of  fixteen  *  *  *  *• 

horfes.  The  fame  has  a  cylinder  of  21^  inches  diameter,  and 
gives  23  double  ftrokes  per  minute,  of  four  feet  each. 

In  anfwer  to  this  queftion  it  mu  ft  be  previoufly  remarked,  Reafonwhy 
that  fleam-engines  having  originally  been  recommended  and  ha^beenTom- 
fubftituted  inflead  of  horfes,  the  method  of  computing  by  the  paied  with 
number  of  thofe  animals  intended  to  be  (upplied  by  means  of  ^or^es* 
this  invention,  has  been  generally  applied,  though  it  is  much 
lefs  certain  and  accurate  than  other  methods  well  known  to 
mechanical  men.  The  uncertainty  of  calculating  by  horfe- It  is  an  uncertain 
powers  arifes  from  various  caufes ;  fuch  as  the  great  differ- met^od” 
ences  of  ability  between  the  ftrong  and  heavy  horfes  ufed  in  Lon¬ 
don,  and  thofe  of  not  half  the  ftrength  ufed  in  various  parts  of 
the  country  ;  the  greater  or  lefs  degree  of  fpeed  during  work  ; 
the  quantity  of  re-adion  againft  which  they  are  urged  to  pull ; 
the  fhorter  or  longer  time  of  work  ;  their  food,  ftabling,  &c. 

&c.  And  this  uncertainty,  as  may  eafily  be  conceived,  is  fo 
great,  that  the  words  horfe-poiver  cannot  pradically  be  ap¬ 
plied,  otherwife  than  to  denote  a  certain  quantity  of  mechanic 
effed  agreed  upon  and  underftood  between  engineers,  and 
muft  not  be  underftood  to  denote  any  elementary  meafure, 
capable  of  being  worked  out  or  inferred  within  any  reafonable 
or  ufeful  limits,  from  the  real  power  of  the  horfe  himfelf. 

It  therefore  follows  of  neceffity,  that  the  engine  muft  be  Words  horfe- 

examined  by  firlt  dating  its  mechanic  eflefl;  that  is  to  fay,  Tott^farbiti^ 
how  many  pounds  weight  it  is  capable  of  raifing  through  a  quantity  of 
given  (pace  in  a  given  time,  that  is  to  fay,  through  the  height  eftea‘ 
of  one  foot  during  one  minute,  and  then  dividing  this  fum  by 
the  like  effed  producible  by  one  horfe,  according  to  the  ftate- 
ments  and  pradice  of  engineers  of  the  firft  reputation.  I  con¬ 
fine  rayfelf  to  MefT.  Boulton  and  Watt,  Dr.  Defaguliers  and 
Mr.  Smeaton. 

The  pradice  of  MefT.  Boulton  and  Watt  is,  to  con  ft  der  a  Quantities  of 
horfe  as  capable  of  raifing  a  certain  weight,  which  is  ftated  to 
be  of  32000  pounds  avoirdupois,  one  foot  high  in  one  minute.  Watt,  Defagu- 
Defaguliers>  refults  brought  to  the  fame  form,  give  27500  and  Smea- 

pounds  $ 
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pounds;  and  Sineaton’s  22916  pounds,  under  the  fame  cir- 
cumflances.  The  lowefl  of  thefe  performances  are  more  than 
equal  to  the  average  power  of  a  horfe  employed  in  huflbandry 
for  eight  hours  per  day. 

If  (he  diameter  of  the  cylinder  he  multiplied  by  itfelf  (21  £ 
X21|),  the  product  will  give  446|  round  inches  for  the  whole 
furface  ;  and  Smeaton  reckons  the  effective  or  working  pref- 
fure  per  round  inch  on  the  atrnofpheric  engine,  at  feven 
pounds  avoirdupois.  It  is  ufual  to  reckon  the  working  pref- 
fure  on  a  clofe  engine  (like  that  in  queftion),  at  10  pounds 
the  round  inch  ;  but  I  (hall  firft  take  the  feven  pounds  as 
being  againft  the  builder:  So  that,  by  multiplying  the  round 
inches  446|  by  7,  we  have  3123J;  pounds  for  the  weight 
raifed.  But  the  flrokes  are  23  of  four  feet  double  per  minute, 
that  is  to  fay,  1S4  feet.  Multiply  the  weight  3 1 23f  by  the 
height  184,  and  the  product  574760  will  be  the  mechanic 
effect  of  the  engine,  or  the  number  of  pounds  it  will  raife  one 
foot  high  in  one  minute.  Laflly,  Divide  this  by  Boulton  and 
Watt’s  horfe-power  (5-ffw§)>  and  the  quotient  17-f^,  or 
very  nearly  18,  will  exprefs  the  power  of  the  engine  in 
hotfes. 

If  we  follow  Defaguliers,  the  engine  will  prove  equal  to  21 
horfes. 

And,  according  to  Smeaton,  its  power  will  be  equal  to  25 

horfes. 

If  we  had  taken  the  pretfure  at  10  pounds  per  round 
inch,  the  powers  would  have  proved  much  greater,  as 
below'. 

In  the  above  calculations  the  horfes  are  fuppofed  to  be 


can  work  treble  fairly  worked,  and  the  engine  is  fuppofed  to  be  flopped  as 
foon  as  the  horfes  leave  off.  But  an  engine  can  work  the 
whole  24  hours;  and  Smeaton,  confidermg  that  three  fetts  of 
horfes  mull  be  kept  to  work  conftantly  for  the  fame  time, 
reckoned  a  fleam  engine  to  be  equivalent  to  three  times  as 
many  horfes  as  could  equal  its  rate  of  working.  The  follow¬ 
ing  table  will  thew  the  powders  of  this  engine,  according  to  all 
thefe  feveral  methods : 


ATMOSPHERICAL  OXIGEN. 


217 


Power  in  Horfcs  ac-  |  Ditto  ac-  |  Ditto  ac-  |  hours  work 

coidmg  to  Boulton  •  cording  *  cording  |  according  to 

and  Watt.  1  Defagu-  1  to  Smea-  1  Smeaton  in 

|  liers.  |  ton.  |  horfes. 

7 lb.  prelfure  |  ?6 

per  round  /lo’°  it  21 

j  ^  or  18  very  nearly 

1 

25 

t5 

10lb.  preffure  |  j 

per  round  j  25  |  30 

inch.  j  |  J 

1.  .  • 

107 

XVIII. 

Experiments  proving  the  NeceJJity  of  atmofpherical  Oxigen  in  the 

Procefs  of  Vegetation .  In  a  Letter  from  Mr.  John  Gough. 

To  Mr.  NICHOLSON. 

SIR, 

Dr.  Prieftley  and  M.  Ingenhoufz  have  made  many  experi-  Reflexions  on 

ments  with  plants,  confined  in  azote;  from  which  philofophers 

have  inferred,  that  vegetables  differ  from  animals  in  not  requir-  kind. 

ing  the  prefence  and  fupport  of  atmofpherical  oxigen.  One 

circumflance  however  occurs  in  all  thefe  experiments,  if  my 

memory  be  correct,  which  renders  the  conclufion  doubtful; 

the  plants,  ufed  in  them  were  in  contaft  with  the  water  that 

confined  the  azote  in  the  inverted  jars,  through  the  medium  of 

which  they  had  evidently  the  fame  indirect  communication 

with  the  atmofphere  that  fifties  are  known  to  require. 

With  a  view  to  throw  feme  additional  light  upon  this  dif-  Experiments  on 
putable  point  in  the  vegetable  economy,  I  determined  to  fur-  ^gglent  vege" 
round  certain  fucculent  plants  entirely  with  azote;  which  pof- 
fefs  the  fingular  property  of  vegetating  when  fufpended  by  the 
roots  in  dry  air.  My  method  of  performing  this  confifts  in  fix¬ 
ing  the  fubject  of  the  experiment  by  means  of  a  thread,  to  a 
fmall  perforated  board,  ftanding  on  a  pillar,  which  was  fur- 
Bifhed  with  a  foot  of  lead.  The  plant  being  thus  fecured,  was 
introduced  through  water  into  a  glafs  jar  of  azote;  where  it 
was  wholly  furrounded  by  the  gas. 

Exp.  1.  The  firft  experiment,  I  made  in  this  manner,  was  Experiment  with 
tried  in  June  1800.  A  plant  of  fedum  acre  was  furrounded  by  ^d^a^re  g01nS 
azote  when  it  was  ready  to  expand  its  flowers,  and  another 
was  placed  befule  it,  under  a  fimilar  jar;  which  contained 

3  common 
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common  air.  The  latter  fpecimen  flowered  very  well;  but 
the  former  died  away  without  opening  one  of  its  blofToms. 

Exp.  2.  The  event  was  the  fame  when  I  made  ufe  of  a 
branch  of  this  fedum  already  in  flower;  for  the  plant  withered 
and  did  not  tiled  its  petals;  which  is  contrary  to  the  ufual  ha¬ 
bits  of  this  vegetable,  when  it  is  left  to  the  impulfes  of  nature 
unthwarted  by  art. 

Exp.  3.  Several  plants  of  fedum  acre  were  alfo  confined  in 
jars  tilled  with  azote  Ia(l  fpring,  before  the  flower  buds  were 
pervivum  te&o-  formed  upon  them:  not  one  of  thefe  attempted  to  vegetate; 
,um*  on  the  contrary  they  all  withered  in  the  courfe  of  four  or  five 

weeks.  This  was  not  the  cafe  with  other  fpecimens,  which 
were  placed  befide  them  upon  flmilar  (lands,  under  jars  con¬ 
taining  common  air  and  (landing  in  water;  for  they  remained 
green  and  vigorous,  after  the  former  were  dead;  they  had 
moreover  produced  a  number  of  purple  filaments  fpringing 
from  the  flalk;  which  is  conflantly  done  by  the  fedum  acre, 
when  fufpended  by  the  roots.  It  is  proper  to  remark,  that  the 
air  of  the  latter  fet  was  frequently  changed,  with  a  view  to  keep 
it  near  the  flandard  of  the  atmofphere.  The  fempervivum  tec - 
torum  did  not  offer  to  vegetate  when  treated  in  the  fame  man¬ 
ner  by  being  confined  in  azote;  but  it  appeared  to  be  more  te¬ 
nacious  of  life  under  this  kind  of  treatment,  than  the  fedum 
acre. 

The  preceding  experiments  induced  me  to  conclude,  at  the 
time  of  making  them,  that  the  welfare  of  fucculent  plants  re¬ 
quires  them  to  be  expofed  to  the  atmofphere,  and  that  they 
cannot  grow  when  furrounded  by  azote,  nor  even  prefervethe 
vegetative  principle  in  it,  for  an  indefinite  length  of  time. 

I  have  (hewn  in  the  fourth  volume  of  the  Manchefler  Me¬ 
in  the  fame  pre-  moirs,  that  feeds  and  bulbs  are  not  lefs  indebted  for  their  prof- 
dicjment.  perity  to  the  agency  of  oxigen,  than  fucculent  plants  appear 
to  be  from  the  prefent  letter.  Thus  it  is  manifefl  that  the  tar* 
ther  we  carry  our  refearches  into  the  nature  of  organized  bodies, 
the  greater  is  the  number  of  them  ;  which  are  found  to  be  in¬ 
capable  of  performing  their  natural  fun6tions,  when  deprived 
of  refpirable  air;  but  as  the  truth  of  this  maxim  remains  to  be 
extended  experimentally  to  vegetables  of  a  lefs  humid  confli- 
tution,  than  the  fedums,  the  following  fa£t  may  be  related 
with  propriety. 

Experiment  Exp.  4.  A  diminutive  plant  of  ccrajliim  vulgalum  was  placed 

made  with  on  ^  ^h  0f  February,  180k  upon  a  (land  covered  with  a 

ceraftium  vulga-  J  r 

turn,  2  11  ICQ 


Inference  from 
thefe  experi¬ 
ments. 


Seeds  and  bulbs 
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(lice  of  wet  fponge;  it  was  then  put  under  an  inverted  jar, 
containing  common  air,  and  (landing  in  water.  This  plant 
encreafed  confiderably  in  bulk  in  the  courfe  of  20  days;  be¬ 
tides  which  it  had  taken  root  in  the  fponge;  it  was  therefore 
transferred  into  a  jar  filled  with  azote;  but  this  change  of  cir- 
cumftances  put  a  (top  to  vegetation;  for  the  herb  made  no  fur¬ 
ther  advances,  but  withered  away. 

Exp.  5.  In  order  to  diverfify  thefe  experiments  as  much  as  with  plants  in 
poflible,  I  took  a  number  of  phials,  having  narrow  necks,  and  vpuer  deprived 
filled  them  with  water,  which  was  either  procured  from  (now, 
or  deprived  of  air  by  boiling.  Proper  plants  being  then  placed 
in  the  bottles,  they  were  introduced  quickly  through  water 
into  jars  filled  with  azote;  under  which  circumftances,  all  my 
fpecimens  died  away  fooner  or  later  without  making  one  effort 
to  vegetate.  The  herbs  ufed  on  thefe  occafions  were  the  com¬ 
mon  garden  fpear-mint  and  the  draco-cephalutn  Moldavicum; 
both  of  which  vegetate  freely  in  bottles  of  water  expofed  to 
the  atmofphere.  I  alfo  treated  in  the  fame  manner,  a  branch 
of  Lyfimachia  vulgaris,  which  was  ready  to  flower;  it  de¬ 
clined  gradually  for  a  month,  but  never  opened  one  bloflom; 
though  it  is  an  aquatic  plant  and  flowers  very  well  in  jars  of 
water.  It  may  here  be  remarked  once  for  all,  that  vegetables 
die  very  (lowly  in  azote,  provided  they  are  fupplied  with  water 
deprived  of  air;  but  if  my  experiments  may  be  relied  on,  all 
their  natural  functions  ceafe  in  thefe  circumfiances,  as  foon  as 
they  are  removed  from  the  atmofphere. 

Exp.  6.  The  lofs  of  energy  experienced  by  plants  confined  die  ‘n 
.  ,  ...  .  ,  ,  .  -r  r  ...  azote  for  want  of 

in  mephitic  air,  does  not  appear  to  ante  from  an  injurious  qua-  their  proper 

lity  of  the  gas,  but  from  the  want  of  the  falutary  ftimulus  of  ftimulus. 
oxigen;  for  a  flip  of  fpear-mint,  which  had  remained  twelve 
days  in  a  glafs  of  azote,  recovered  upon  being  refiored  to  the 
air,  with  the  lofs  of  its  lowed  leaves  only;  and  an  off-fet  of 
fempervivum  vegetated  freely  after  being  removed  from  a  jar 
of  the  fame  gas,  in  which  I  had  kept  it,  from  the  2nd  of  April 
to  the  2nd  of  May,  (landing  in  a  bottle  of  fnow  water.  Thefe 
fa 61s  feem  to  argue,  that  vegetables,  treated  in  the  manner  de- 
feribed  as  above,  fuffer  a  fpecies  of  torpidity,  from  which 
they  may  be  recalled  by  the  prefence  of  atmofpherical  air,  pro¬ 
vided  the  re-admiflion  of  this  neceflary  agent  be  not  delayed 
too  long;  in  which  cafe,  the  plant  periflies,  in  confequenceof 

the 
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the  continued  inactivity  of  its  organs,  and  the  fermentation  of 
its  juices;  which  is  occafioned  by  the  fufpenfion  of  all  its 
functions. 

This  fluid  fo  neceflary  to  the  procefs  of  vegetation,  is  evi¬ 
dently  abforbed  from  the  atmofphere  by  fucculent  plants,  bulbs, 
and  a  variety  of  feeds,  when  properly  moiflened ;  for  they  will 
all  vegetate  freely  in  open  filuations;  but  the  following  ex¬ 
periment  feems  to  prove  that  trees,  fhrubs  and  the  lefs  juicy 
herbs  derive  air  from  water,  as  fifhes  do. 

Exp.  7.  I  introduced  the  lower  extremities  of  different 
plants,  or  more  properly  of  the  branches  of  different  plants, 
into  phials  filled  with  water,  and  after  luting  the  necks  with 
wax,  I  funk  the  bottles  in  pots  of  water,  fo  as  to  leave  the 
foliage  of  the  plants  expofed  to  the  fun  and  furrounded  by  the 
atmofphere.  The  evaporation  caufed  by  the  aCtion  of  the 
light  drew  the  water  out  of  the  bottles,  and  the  air  defcending 
at  the  fame  time  through  the  fubflance  of  the  plants  prevented 
a  vacuum  being  formed  in  thefe  clofe  vetTels.  This  fad  had 
nearly  perfuaded  me,  that  vegetables  poflefs  a  faculty  analogous 
to  refpiralion;  but  when  I  repeated  the  experiment  with  phi¬ 
als  perforated  in  the  bottom,  they  remained  full  of  water.  This 
circumftance  fhews  the  refpiration  in  queflion  to  be  merely  ac¬ 
cidental  and  to  be  occafioned  by  the  necks  of  the  bottles  being 
luted;  on  the  other  hand  it  is  highly  probable,  that  air  enters 
the  veflels  of  vegetables  in  conjunction  with  water.  Here  it 
is  decompound,  in  confequence  of  the  ltimulus  given  to  the 
vegetative  principle  by  its  prefence  ;  the  azole  is  afterwards 
aflimulated  into  the  fubflance  of  the  plant,  while  the  oxigen  is 
rejected  either  wholly  or  in  part.  This  gas,  after  its  expulfion 
flows  into  the  mephitic  air,  contained  in  the  jars,  the  volume 
of  which  is  thereby  augmented,  and  its  qualify  improved  ;  but 
I  will  not  venture  to  fay,  that  (lie  two  gafes  form  a  new  che¬ 
mical  compound  on  thefe  occaflons. 

Exception  to  the  Exp.  8.  lam  acquainted  with  a  fingje  exception  to  the  ge~ 
general  rule  that  neral  rule  that  air  is  requifite  in  the  procefs  ot  vegetation.  For 
plants  require  w{ien  plants  have  withered  in  azote  they  become  mouldy;  that 
is,  in  the  language  of  botany,  they  are  covered  with  the  mu- 
cor  mucedo.  The  worms  which  inhabit  the  decayed  livers  of 
fheep,  &c.  furnifh  us  with  a  parallel  inflance  in  the  animal 
kingdom;  and  the  invefligation  of  thefe  Angular  anomalies 
forms  a  difficult  problem  in  the  natural  hiltory  of  organized 
bodies. 

The 
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The  fenliments  contained  in  this  letter,  are  oppofite  to  the  The  etfay 
common  notions  relative  to  the  nature  of  vegetation,  and  fo  cl 
manifeft  a  departure  from  eftablifhed  opinions  may  be  thought 
to  require  an  apology.  The  juftification  of  my  conduct  how¬ 
ever  appears  in  the  body  of  the  efTay.  The  experiments  are 
related  with  an  attention  to  circumlrances ;  which  will  enable 
a!  molt  any  perfon  to  repeat  them;  and  fliould  fome  philoso¬ 
pher  undertake  to  do  it,  his  labours  will  either  eftablifh  my 
opinions,  or  confirm  the  contrary  doctrine,  by  the  refutation  of 
them.  There  is  one  omiffion  in  the  detail  of  thefe  experi¬ 
ments;  I  have  neglected  to  remark,  that  the  term  azote  figni- 
fies  nothing  more  than  common  air  deprived  of  oxigen  by  the 
fulphuret  of  potafh  or  the  martial  pafle  of  fulphur,  but  more 
frequently  by  the  former.  The  determination  of  the  queftion 
is  of  fome  moment,  not  only  to  natural  hiftory,  but  perhaps  to 
agriculture  alfo  ;  and  I  could  with  it  to  be  refumed  by  a  philo- 
fopher,  whole  advantages  are  fuperior  to  my  contrafted  powers 
of  obfervation  and  imperfect  apparatus.  Should  any  man  of 
fcience  undertake  the  talk,  I  would  recommend  tl\e  fedum  acre 
to  his  notice;  becaufe  the  filaments  which  fpring  from  the 
ftalk  of  this  plant  in  common  air  afford  a  criterion  whereby  the 
progrefs  of  fimilar  fpecimens  confined  in  azote  may  be  ob~  , 
ferved  and  ascertained, 

JOHN  GOUGH* 

Middle  fhaiv , 

October,  24,  1  804. 
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Frothing  of  Oil  by  Electricity. 

T  HE  anonymous  author  of  fome  electrical  experiments  com¬ 
municated  to  Van  Mcjns  the  following  fa6t,  from  whofe  Journal 
I  tranflate  it.  He  was  making  an  experiment  to  ascertain  the 
conducting  quality  of  oil,  for  which  purpofe  he  had  filled  one 
third  part  of  the  length  of  a  tube  with  the  oil  of  Colfa.  The 
tube  was  three  feet  long  and  half  an  inch  in  diameter,  having 
its  doled  end  drawn  out:  The  open  extremity  was  fecured  by 
a  cork,  through  which  a  needle  was  thruft;  and  over  the  cork 
was  a  coating  of  wax  to  prevent  the  oil  from  tranfuding.  The 

tube 
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tube  being  then  placed  on  two  infulating  fupports,  and  the 
needle  turned  towards  the  part  molt  remote  from  the  machine, 
the  tube  was  flightly  inclined,  in  order  that  the  oil  might  run 
down  to  that  part  of  its  capacity  which  was  neared  the  prime 
condudor.  He  then  put  the  machine  in  adion,  and  with  great 
furprife  obferved  the  oil  gradually  to  enter  into  a  date  of  ebul¬ 
lition;  beginning  at  the  lurface  and  fpeedily  acquiring  a  date 
of  effervelcence  perfectly  refembling  that  of  fparkling  Cham- 
paigne.  Upon  opening  the  tube,  a  gas  efcaped  with  violence, 
which  the  author  did  not  colled,  but  which  well  deferves  to  be 
examined.  This  adive  eledrician  intends  to  fubjed  the  differ¬ 
ent  vegetable  and  mineral  acids  to  the  adion  of  eledricity  by 
the  fame  procefs* 


Native  Magnefia. 

GIOBERT  has  found  that  a  white  earth  confidered  as  pure 
alumine  and  employed  at  Turin  in  the  fabrication  of  porcelain, 
contains  0,80  of  magnefia.  Van  Mons. 


Cray’s  "Lx peri 
enced  Mill¬ 
wright. 


The  Experienced  Mill-Bright ;  or  a  Treatife  on  the  Conjlrudlion  of 
fome  of  the  moft  ufeful  Machines,  with  the  lateft  Improvements. 
To  which  is  prefixed  a  fhi>rt  Account  of  the  general  Principles 
of  Mechanics  and  of  the  iMechanical  Powers.  Jllufl  rated  with 
forty  Engravings.  By  Andrew  Gray,  Millwright ,  very  large 
quarto ,  73  Pages  of  Letter  Profs ,  of  the  fame  Size  as  the 
Engravings. 

THE  author  is  a  pradical  mechanic,  who  has  been  up¬ 
wards  of  forty  years  employed  in  ereding  different  kinds  of 
machinery;  and  the  greateft  part  of  the  Descriptions  in  this 
Work  are  of  Machines  which  he  has  either  planned  or  fuper- 
intended  their  conftrudion.  Theie  Drawings  being  accurately 
made  to  fcale,  are  not,  as  he  remarks,  to  be  confidered  as  me¬ 
chanical  fpeculations,  always  doubtful  till  fubjeded  to  adual 
experiment,  but  as  cafes  of  pradical  knowledge,  the  effeds  of 
which  have  been  fully  tried  and  long  approved  ;  moft  of  them 
being  Hill  employed  for  the  purpofes  of  their  original  fabrication. 

Previous  to  his  Account  of  the  Machines,  this  author  gives 
a  popular  Treatife  on  Mechanics,  in  fix  different  chapters,  be¬ 
ginning  with  General  Principles  and  Definitions,  which  are  fol¬ 
lowed 
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lowed  by  Explanations  of  Simple  Engines,  called  (be  Mecha¬ 
nical  Powers.  Thefe  are  fucceeded  by  an  Account  of  the 
Effedts  of  Friction,  and  the  bed  Method  of  applying  thofe 
Mechanical  Powers.  Pradtical  Directions  for  defigning  an<i 
conPrudfing  the  Parts  of  Machines  are  in  the  next  place  given  ; 
and  laftly,  the  author  treats  on  the  Strength  of  Machines,  the 
relative  Velocity  of  their  Parts  and  the  leading  Dodtrines  which 
are  necefiary  to  be  attended  to  in  theeredting  of  Water-Mills, 
The  Machines  of  which  Meafured  Plans,  Elevations  and 
Sections  are  given,  are;  A  conPderable  number  of  Thrafiiing 
Machines,  to  be  drawn  either  by  Water  or  by  Horfes,  with 
the  Elevation  of  a  Wind-mill  to  turn  Machinery  of  this  De¬ 
scription;  one  Snuff  Mill ;  two  Sheeling  Mills ;  feveral  Corn, 
Barley,  Malt,  and  Flour  Mills;  one  Oil  Mill;  one  Flax  Mill; 
one  Paper  Mill;  one  Saw  Mill;  one  Fulling  Mill;  Bleaching 
Machines,  Beetling  Machines,  and  various  Pumps. 

Thefe  Drawings  and  Defcriptions  will  no  doubt  prove  of 
high  value  to  theinan  of  bufinels;  though  it  is  perhaps  to  be 
regretted  that  the  fame  attention  to  junior  Pudenls  which  is 
difplayed  in  the  introductory  treatife,  is  not  as  fully  fliewn  by 
explaining  the  relative  operations  and  effedts  of  the  parts  of 
thefe  machines  in  the  defcriptions  which  accompany  the  draw¬ 
ings. 


P radical  Obfervation'i  concerning  Sea  Bathing;  to  rvhich  arc 
added ,  Remarks  on  the  Ufe  of  the  Warm  Bath .  By  A.  P. 

Buchan,  M.  D.  of  the  Royal  College  of  Phyjicians.  London . 

Croivn  8 vo,  207  Pages. 

IN  the  early  Pages  of  human  fociety,  when  the  occupa-  Buchan  on  fea 
tions  of  man  led  him  to  Prong  exercife  in  the  open  air,  it  is  bachinS* 
probable  that  his  health  may  have  been  chiefly  impaired  by  the 
fortuitous  occurrences  of  his  mode  of  life,  and  the  diredt  wear 
of  his  organs  engaged  in  the  grofs  and  adtive  labours  of  his  life. 

It  is  probable  that  he  may  have  felt  little  of  thofe  difeafes 
which  the  claPitication  and  habits  of  a  refined  and  luxurious 
fociety  have  introduced.  Neither  mental  fatigue,  nor  the 
anxious  and  incefiant  labour  of  crowded  cities  could  have 
operated  upon  his  powers,  nor  was  he  lubjedled  to  the  miferies 
of  indolence,  repletion,  and  the  liPlefs  want  of  motive  which 
benumb  the  faculties  of  the  rich,  Thefe  are  the  prices  which 

by 
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Buchan  on  Tea  by  our  numerous  midakes  we  are  compelled  lo  pay  for  the  fu- 
perior  enjoyments  which  an  enlightened  date  of  fociety  can 
adord  to  thole  only  who  poflefs  the  virtue,  the  conduct,  and 
the  good  fortune  to  know  and  to  acquire  them.  Among  the 
mod  opprellive  of  thefe  confcquences,  no  doubt,  is  the  lots  of 
health;  and  while  we  make  facnfices  to  what  we  imagine  to 
be  our  welfare,  it  becomes  us  occadonally  to  interrupt  our 
ufual  train  of  habits,  to  unbend  the  mind,  give  repofe  to  the 
fyftem,  and  recover,  by  an  occafional  change  of  our  occupa¬ 
tions,  that  vigour  which  famenefs  of  purfuits  and  confinement 
feldom  fail  to  impair. 

One  of  the  means  at  prefent  much  reforted  to  is,  to  repair 
to  the  fea-eoaft  ;  partly  with  a  view  to  enjoy  a  feene  which, 
by  its  impreffive  magnitude  and  the  numerous  changes  it  un¬ 
dergoes,  cannot  but  be  highly  interefting;  but  principally  with 
the  intention  of  bathing  in  the  fea.  Bathing  is  certainly  of  the 
greated  benefit  in  many  cafes,  and,  like  every  other  praflice 
capable  of  drongly  affecting  the  human  frame,  it  muff  alfo,  in 
other  cafes  be  capable  of  operating  to  the  injury  of  the  health. 
We  have  no  direft  general  treatife  on  this  fubje£t;  and  to  give 
the  requifite  information  to  individuals  by  which  they  may  fafely 
and  judicknifly'  regulate  themfelves  requires  fomewhat  more 
than  mere  medical  (kill.  The  prefent  work  abounds  with  in¬ 
tending  facts  and  clear  deductions,  and  is  written  with  that 
candid  (pirit  of  philofophical  remark  which  thews  an  intimate 
acquaintance  with  the  moral  as  well  as  the  phvfical  conditions 
of  our  evidence,  and  the  accidents  to  which  we  areexpofed. 
I  am  much  midaken  if  any  one  who  begins  to  read  this  work 
will  be  difpofed  to  quit  it  without  perilling  (he  whole;  and 
there  are  few  who  can  have  Co  extend vely  conddered  the  fub- 
jeef,  or  who  are  fo  little  concerned  in  its  difcuOion  as  not  to 
derive  advantage  from  the  many  points  of  information  it  con¬ 
tains. 
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ARTICLE  I. 

Defcription  of  a  Tubular  Pendulum  ;  having  all  the  Properties  of 
the  Gridiron  ;  but  being  more  com j) a 61  as  zvell  as  more  fteady  in 
its  Motions.  I  n  a  Letter  from  Mr.  EdwardThoughton, 
the  Inventor. 

To  Mr.  NICHOLSON. 

Dear  Sir, 


JlLver  fince  the  commencement  of  your  Journal,  I  have  Advantages  of 
often  thought  of  regiftering  therein,  the  improvements  which  p^emerfts'hi" 

I  frequently  make  in  agronomical  and  other  inftruments.  No philofophical 
man  perhaps  had  ever  a  greater  antipathy  to  writing  than  my-  aPPAraCu<J* 
felf,  and  drawn  as  I  am  into  the  vortex  of  bufinefs,  and 
working  with  my  own  hands  from  nine  to  twelve  hours  in  a 
day,  leaves  me  but  little  time  for  literary  purfuits ;  yet  in  one 
who  values  himfelf  on  account  of  the  originality  of  his  ideas, 
it  muff  feem  flothful  not  to  commit  them  to  the  prefs,  which 
until  that  is  done,  are  like  flowers  or  fruit  growing  fencelefs 
by  the  way  fide,  which  every  one  that  pafles  by  may  gather. 

I  always  confidered  the  pendulum  of  a  clock  more  fuitable  Pendulums  for 

to  our  fiile  of  workmanlhip  and  habits  of  thinking,  than  to  clocks  TT  Pfrt*~ 

r  °  cularly  fuited  to 

thofe  of  any  other  defcription  of  artifts;  and  agreeable  to  this  mathematical 
idea,  I  have  made  pendulums  near  twenty  years,  and  I  own  workmen. 
Vol.  IX. — December,  1804.  Q  the 
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Tubular  pendu¬ 
lum. 


Jtafts  on  the 
principle  of  the 
gridiron. 


Defcription  of 
the  tubular 
pendulum  by 
the  drawing. 


the  fubjeft  is  dill  agreeable  to  me,  .being  yet  unincumbered 
with  patent*,  the  tea  foil  of  which  no  doubt  is,  that  the  few 
wanted  holds  out  no  profpeft  of  gain. 

Under  thefe  circumffances,  [  offer  you  the  following  dc- 
feription  of  my  tubular  pendulum,  which  I  contrived  about  the 
middle  of  laft  July,  and  which  I  have  juft  brought  into  adtion# 
The  honourable  mention  which  you  made  of  my  mercurial  pen¬ 
dulum  (Phil.  Journal  for  May  1797)  the  excellent  papers  which 
you  have  at  different  times  given  to  the  public  on  this  fubject, 
and  its  importance  to  practical  fcience,  Specially  altronomy, 
leave  me  no  room  to  doubt  but  this  communication  will  be 
agreeable  to  you. 

It  may  here  be  proper  to  remark  that  the  nature  of  this  pen¬ 
dulum  is  by  no  means  new  ;  it  is  of  the  gridiron  kind,  and  al¬ 
though  extremely  unlike  it  in  outward  appearance,  is  only  a 
new  fpecies  of  that  genus.  Without  further  introduction,  I 
will  now  proceed  to  give  a  brief  defcription,  with  reference 
to  the  accompanying  (ketches,  and  then  conclude  with  a  few 
general  remarks. 

Fig.  1.  and  2,  'Plate  XIII.  drawn  to  a  fcale  of  one  eighth  of 
the  real  dimenfions,  exhibit  the  ffiape  of  the  whole  inffrument, 
in  which  the  parts  of  action  being  completely  concealed  from 
view,  it  appears,  excepting  the  ufual  fufpenfion  fpring,  to  be 
made  of  folid  brafs.  The  firft  of  thefe  figures  gives  a  front 
view,  the  latter  fhews  it  as  feen  edge w  ife.  This  figure  of  the 
bob  is  ufed  more  on  account  of  its  being  eafy  to  make,  and 
fightly,  than  from  any  other  confiderations ;  it  is  made  of  one 
piece  of  brafs,  about  7  inches  diameter,  2, .5  thick  at  the  centre, 
and  weighs  about  1 5  pounds  avoirdupoife :  the  front  and  back 
furfaces  are  fpherical,  with  a  thick  edge  or  c)  lindrical  part  be¬ 
tween  them.  The  apparent  rod  is  a  tube  of  brafs,  fliewn  in 
both  figures  to  reach  from  the  bob  neatly  to  the  top;  this  con¬ 
tains  another  tube  and  five  wires  in  its  belly,  fo  difpofed  as  to 
produce  altogether  (like  the  nine-bar  gridiron  of  Harrifon) 
three  expanfions  of  fteel  downwards,  and  two  of  brafs  up¬ 
wards;  whofe  lengths  being  inverfely  proportioned  to  their 
dilatation,  when  properly  combined,  deffroy  the  whole  ef- 
fe61  that  either  metal  would  have  fingly.  The  fmall  vifible 
part  of  the  rod  near  the  top,  is  a  brafs  tube,  whofe  ufe  is  to 
cover  the  upper  end  of  the  middle  wire,  which  is  here  fingle, 
and  olherwife  unfopported. 

5  .  •  Reckoning 


Reckoning  from  the  top  the  fir  ft  adtion  is  downwards,  and  Defcription  of 
conftfts  of  the  fpring,  a  fliort  wire  0,2  diameter,  and  a  (ongpendulam  by 
wire  0,1  diameter;  thefe  all  of  fteel  firmly  connedled,  reach  the  drawing, 
down  within  an  inch  of  the  centre  of  the  bob,  and  occupy  the 
middle  line  of  the  whole  apparatus.  To  the  lower  end  of  the 
middle  branch,  is  fattened  the  lower  end  of  the  interior  brafs 
tube,  0,6  in  diameter,  which  terminates  a  little  fliort  of  the  top 
of  the  exterior  tube,  and  produces  the  firft  dilatation  upwards. 

From  the  top  of  the  interior  tube  depend  two  wires  0,1  dia¬ 
meter,  whole  fituation  is  in  a  line  at  right-angles  to  the  fwing 
of  the  pendulum,  and  reach  fomewhat  lower  than  the  attached 
tube  itfelf,  which  they  pafs  through  without  touching,  and  ef¬ 
fect  the  lecond  expanfion  downwards.  The  fecond  adlion  up¬ 
wards  is  gained  by  the  exterior  tube,  whofe  internal  diameter 
juft  allows  the  interior  lube  to  pafs  freely  through  it:  its  bot¬ 
tom  is  connedled  with  the  lower  ends  of  the  laft  delcribed  wires* 

To  complete  the  correction,  a  fecond  pair  of  wires  of  the  fame 
diameter  as  the  former,  and  occupying  a  pofition  at  right  angles 
to  them,  act  downwards,  reaching  a  little  below  the  exterior 
tube,  having  alfo  pafTed  through  the  interior  one  without 
touching  either.  The  lower  ends  of  thefe  wires  are  fafteneci 
to  a  fliort  cylindrical  piece  of  brals,  of  the  fame  diameter  as  the 
exterior  tube,  to  which  the  bob  is  (ufpended  by  its  centre. 

Fig-.  3.  is  a  full  fize  fedtion  of  the  rod,  in  which  the  three 
concentric  circles  are  defigned  to  reprefent  the  two  tubes,  and" 
the  redlangular  pofition  of  the  two  pair  of  wires  round  the  mid¬ 
dle  one,  are  fhewm  by  the  five  fmall  circles.  By  copying  this 
arrangement,  from  the  elegant  conftrudlion  of  your  own  half 
feconds  pendulum  (Phill.  Journal  for  Auguft,  1799)  I  avoided 
much  trouble,  which  muft  have  occurred  to  me,  unlefs  indeed, 

I  had  been  impelled  on  the  fame  idea,  by  the  difficulty  of  con¬ 
triving  the  five  wires  to  adi  all  in  a  row,  with  fufficient  free* 
dom  and  in  fo  fmall  a  fpace.  Fig.  4.  explains  the  part  which 
clofes  the  upper  end  of  the  interior  tube:  the  two  (mall  cir¬ 
cles  are  the  two  wires  which  depend  from  it,  and  the  three 
large  circles  ftiew  the  holes  in  it,  through  which  the  middle 
and  other  pair  of  wires  pafs. 

Fig;.  5.  is  defigned  to  explain  the  part  which  flops  up  the 
bottom  of  the  interior  tube,  the  fmall  circle  in  the  centre  is 
where  the  middle  wire  is  faftened  to  it,  the  others  the  holes  for 
the  other  four  wires  to  pals  through.  Fig.  6.  is  the  part  which 
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clofes  the  upper  end  of  the  external  tube,  the  large  circle  in 
the  centre  is  the  place  where  the  brafs  covering  for  the  upper 
part  of  the  middle  wire  is  inferted,  and  the  two  fmall  circles 
denote  the  fattening  for  the  wires  of  the  laft  expanlion.  Fig.  7 
reprefents  (he  bottom  of  the  exterior  tube,  in  which  the  (mall 
circles  fhew  the  fattening  places  for  the  wires  of  the  feconrt 
expanfion,  and  the  larger  ones  the  holes  for  the  other  pair  of 
wires  to  pafs  through.  Fig.  8.  is  a  cylindrical  piece  of  brals, 
which  thews  how  the  lower  ends  of  the  wires  of  the  latt  ex¬ 
panfion  are  fattened  to  it,  and  (he  hole  in  the  middle  is  that 
whereby  it  is  pinned  to  the  centre  of  the  bob.  The  fattening 
of  the  upper  ends  of  the  two  pair  of  wires  is  done  by  ferew- 
ing  them  into  the  pieces  which  (top  up  the  ends  of  the  tubes, 
but  at  the  lower  ends,  they  are  all  fixed  as  reprefented  in  Fig.  8. 

I  have  only  to  add  to  this  defer! ption,  that  the  pieces  repre-. 
fen  ted  by  Fig,  7  and  8,  have  each  a  jointed  motion,  by  means 
of  which  the  fellow  wires  of  each  pair  would  be  equally 
ffretched,  although  they  were  not  exactly  of  the  tame  length. 

In  the  apparatus  thus  connedted,  the  middle  w'ire  will  be 
ftretched  by  the  weight  of  the  whole;  the  interior  tube  will 
fupport  at  its  top  the  whole  except  the  middle  wire:  the 
fecond  pair  of  wires  will  be  ftretched  by  all  except  the  mid¬ 
dle  wire  and  interior  tube;  the  exterior  tube  fupports  at  its  top 
the  weight  of  the  fecond  pair  of  wires  and  the  bob,  and  the 
fecond  pair  of  wires  are  fi retched  by  the  weight  of  the  hob 
only. 

The  lirft  pendulum  which  I  ma  le  of  the  tubular  kind,  had 
only  three  fieel  wdres,  and  one  tube  above  the  bob;  that  is  two 
expanfions  down  and  one  up;  and  the  quantity  which  one 
of  brafs  falls  (liort  to  correct  two  of  fieel,  was  compenfated  tor, 
by  extending  thofe  branches  of  the  rod  below  the  bob,  and  bring¬ 
ing  up  an  external  tube  to  which  (he  bob  was  affixed.  There 
is  an  aukwardnefs  in  ibis  conftruction,  owing  to  the  rod  reach¬ 
ing  about  13  inches  below  the  lower  edge  of  the  hob,  other- 
wife,  it  is  not  inferior  to  the  one  firfi  deferibed. 

The  principles  of  (he  gridiron  pendulum,  1  believe,  have 
never  been  queftioned,  indeed  they  cannot  be ;  the  difficulty 
of  conflru&ing  it  firong  enough  to  prevent  lateral  flexure 
in  the  lifting  bars,  and  confequent  friction  in  the  holes  of  the 
different  eroding  pieces  neceflary  1o  bind  it  together,  which 
ocenfion  it  to  act  by  darts,  has  been  the  only  obffacle  to  pre* 
vent  its  general  application  to  the  beff  clocks. 
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To  remedy  this  evil  I  contrived  the  one  here  treated  of,  and  —is  prevented 
in  my  own  judgment,  have  fucceeded  as  near  perfection  as  ^es.C 
any  elfort  of  mine  ever  did.  The  tubes  are  drawn  draight 
and  regular  in  an  engine,  in  the  manner  that  wire  is  done  : 
and  their  ftrength  alfure  fuccefs,  preventing  the  poffibility  ot 
any  fentible  bending,  while  the  treedom  ot  aftion  prevents  any 
irregular  motion  whatever. 

I  have  no  farther  quarreled  with  my  own  confiru6tion  of  the  Troughton’s 
mercurial  pendulum,  the  principles  of  which  are  faultlefs,  and 
torm  elegant;  than  that  it  is  quite  unfit  for  carriage,  and  an  but  not  portable, 
article  too  hazardous  for  me  to  deal  in;  but  after  all,  candour 
■obliges  me  to  give  the  preference  to  the  original  one  of  Gra¬ 
ham,  which  on  account  of  fome  fenfelefs  criticifrns  about  one 
part  taking  heat  fooner  than  another,  evaporation  of  the  mer¬ 
cury,  Sz c.  was  too  haft i I y  laid  afide.  Graham  undoubtedly  Graham’s  pen- 
made  his  pendulum  before  the  expanfions  of  either  brafs  or  dulum approved, 
mercury  were  accurately  known;  but  an  ingenious  friend  of 
mine,  has  from  the  'heft  experiments,  computed  the  different 
parts  to  mathematical  precilion,  and  introduced  it  a  fecond 
time  to  the  world;  and  already,  there  are  not  wanting  proofs 
of  its  practical  excellence. 

Smeaton’s  pendulum  with  tubular  bob  is  a  good  one,  but  Smeaton’s 
on  account  of  the  glafs  rod,  like  my  mercurial  one,  is  totally  S0°t^’j(>l5Ut  not 
unfit  for  transportation,  and  like  Graham’s,  is  u n fight ly ;  w  hile 
all  three  labour  under  the  unavoidable  difadvantage  of  not 
being  applicable  to  the  pyrometer  in  their  compound  and  pen¬ 
dant  ftate. 

I  am  about  to  condruCt  a  pyrometer  fit  to  try  the  tubular 
pendulum  in  its  finifhed  date;  a  pin  fixed  in  the  centre  of  of- 
cillation,  fliall  be  contrived  to  a<5t  on  a  nice  fpirit  level,  and 
fhew  the  expanfion,  if  any,  in  angular  meafure :  by  which  I 
fliall  be  enabled  to  adjudit;  for  I  have  no  idea  of  adjufting 
one  by  the  going  of  a  clock,  that  complicated  apparatus  will 
always,  I  fear,  have  too  many  errors  of  its  own,  to  be  ufed  as 
a  criterion  of  the  merits  of  this  more  perfect  indrument. 

I  will  here  fubjoin  the  lengths  of  the  different  parts  of  tu- Dimenfions  and 
bular  pendulums  in  inches ;  a!fo,  the  expanfions  of  brafs  and  &rou™,s  of\con' 
(feel  from  which  I  computed  them.  The  length  of  the  inte-  tubular  pendu- 
rior  tube  is  31,9,  and  that  of  the  exterior  one  32,8,  to  whiclLIum* 
mud  be  added  0,4  the  quantity  which  in  this  pendulum,  the 
centre  of  ofcillation  is  higher  than  the  centre  ot  the  bob;  thefe 

all 
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all  of  brafs.  The  parts  which  are  of  fteel  are  the  middle  wire, 
including  0,6  the  length  of  the  fufpenfion  fpring,  is  39,3,  firft 
Expanfionsof  pair  of  wdres  .32,5,  and  the  fecond  pair  33,2.  From  experi- 
brafs  and  fteel.  rnents  which  I  tried  in  the  year  1 79*1*,  I  found  my  brafs  to  ex¬ 
pand  with  60°  of  heat  0,00064-0  on  an  inch,  and  my  fieel 
0,0003966.  Smeaton  obtained  under  the  fame  circumftances 
0,0006444-  for  brafs,  and  0,0003833  for  fieel.  Roy  found 
brafs  to  expand  0,0006316  and  fteel  0,0003816. 

The  above  lengths  computed  from  my  expanlions  w  ill  I  think 
be  found  very  correft;  if  they  are  tried  by  Smeaton ’s,  the  pen¬ 
dulum  will  feem  to  err  in  excefs,  or  gain  with  heat,  about  (T,9 
a  day  with  60°  of  Fahrenheit;  it  Rov’s  be  ufed,  it  will  err 
alfo  in  excefs,  under  the  fame  circumflances  lomething  more 
than  one  fecond.  The  above  flalement  thews  with  what  care 
experiments  of  this  kind  ought  to  be  conduced.  All  the  di- 
menfions  are  given  in  inches  and  decimals. 

If  my  pyrometrical  experiments  turn  out  fuccefsful,  they 
may  likely  be  the  fubjeft  of  another  communication;  and  I 
will  referve  till  then  my  reafons  forgiving  the  preference  to 
my  own  expanfions  in  the  confirm!:! ion  of  the  infirument  here 
deferibed  ;  for  this  letter,  being  twice  as  long  as  I  firfi  intended# 
fiiall  now  be  concluded  by, 

Dear  Sir, 

Your  obliged  and  obedient  Servant, 
EDWARD  TROUGHTON. 

November‘S,  ]  804- . 


II. 

Letter  from  W .  Jessop,  Tfj.  on  an  Improvement  in  the  Procefs 
of  blafiing  Bocks  uith  Gun-powder, 

To  Mr.  NICHOLSON. 

SIR, 

IF  I  am  communicating  to  you  what  you  already  know,  you 
will  accept  as  an  apology  for  it  that  it  h  not  generally  known, 
and  will  be  interefiing  to  all  who  are  concerned  in  mining  or 
blafiing  rocks  with  gunpowder. 

Ufual  procefs  of  The  ufual  procefs,  after  drilling  a  hole  and  charging  it  with 

boring  ar.d  powder,  i$  to  introduce  a  wire  or  (mall  iron  rod,  to  preferve  a 
blafting,  "  * 

com- 
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e^rauiunication  with  the  fuze,  and  then  to  ram  up  the  re¬ 
mainder  of  tiie  hole  with  ftone  pulverized  by  the  operation  of 
ramming  it;  after  which  the  wire  is  withdrawn  and  the  prim¬ 
ing  introduced. 

This  is  a  tedious  operation,  often  attended  with  danger,  and  is  tedious,  dan- 
trequently  the  labour  and  powder  is  loft  by  the  priming  hole  certain  and  un~ 
being  obftructed  in  ftriking  out  the  wire  with  a  hammer. 

I  had  been  informed  that  inftead  of  this  tedious  operation,  Loofe  land  pro- 
the  biafting  had  been  effected  by  introducing  a  ftravv  filled  with  Pofed  lnftead°f 
fine  powder,  and  then  filling  the  hole  with  loofe  fand.  fam  g 

I  hardly  could  believe  this,  conceiving  that  the  part  where 
there  would  be  the  leaft  refiftence  would  firft  yield  to  the  ex- 
plofion,  and  therefore  that  the  loofe  fand  inuft  of  courfe  be 
blown  out. 

But  in  the  month  of  Auguft  laft  I  tried  the  experiment  in  Succefs  of  the 
fome  very  hard  rock  at  Fortwilliam  and  it  completely  fuc-  exPenment* 
ceeded :  I  fince  then  have  tried  it  on  the  lime  rocks  at  Briftol 
with  the  fame  effect. 

A  few  days  fince,  wifhing  to  know  how  fmall  a  quantity  of  Oak  20  inches 
fand  would  produce  the  effect,  I  caufed  a  hole  of  l\  inch  in  ^pieces  under* 
diameter  and  12  inches  deep,  to  bt  bored  in  a  knotty  piece  of  charge  of  3 
oak  of  about  20  inches  in  diameter  and  charged  it  with  three  inc^es 
inches  of  powder,  and  upon  that  four  inches  of  fand,  intend¬ 
ing  (as  I  fuppofed  that  muft  be  blown  out)  to  repeat  the  quan¬ 
tity  of  fand  inch  by  inch  to  the  quantity  that  would  be  fuffi- 
cient,  but  to  my  great  furprize,  it  fplit  the  piece  with  great 
violence  into  fix  pieces. 

I  then  repeated  it  on  a  fimilar  log  of  oak,  with  a  charge  of  The  fame 
two  inches  of  powder,  and  three  inches  of  fand;  it  fplit  the  ^ 

piece  in  twro,  and  fent  half  of  it  into  the  air  to  the  diftance  of 
forty  yards. 

I  think  it  may  puzzle  a  philofopher  to  account  for  this:  I  Conjetture  as  to 
have  fuppofed  that  the  fand  in  contact  with  the  powder,  firft 
moving,  the  particles  wedge  each  other  faft  before  the  motion 
has  time  to  be  communicated  to  the  whole. 

I  have  reafon  for  thinking  that  a  much  lefter  quantity  of  Lcfs  powder 
powder  will  produce  the  effedt  in  this  way  than  by  the  common  Required 'L 
method;  for  as  it  lies  loofe  in  its  chamber  and  makes  itfelf  this  way. 
more  room  by  a  little  yielding  of  the  fand,  the  whole  will  take 
fire,  and  efpecially  if  when  half  the  charge  is  put  in,  the  ftravv 
be  introduced  and  then  the  other  half  charge,  fo  that  it  may 
take  fire  in  the  middle  of  the  charge. 

That 
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That  the  fand  will  yield  a  little,  I  think  I  may  infer  from 
having  charged  a  tube  of  tin  14-  inches  in  length  and  1 j  diam¬ 
eter,  with  three  inches  of  powder;  on  exploding  it  immerfed 
in  water,  I  found  five  inches  of  the  tube  abruptly  cut  off,  while 
the  remainder  was  uninjured,  but  I  do  not  confider  this  in¬ 
ference  as  decifive. 

For  want  of  time  I  was  prevented  from  trying  how  much  left 
than  three  inches  of  fand  would  have  been  fufheient. 

I  am.  Sir,  v 

Your  mod  obedient, 

W,  JESSOP. 

London  Coffee  Houfe , 

Nov.  8,  1804. 

P.  S.  Might  not  this  be  ufeful  on  the  evacuation  of  a  fort, 
in  dedroying  cannon,  indead  of  the  incffe&ual  mode  by  fpik- 
ing  ? 


III. 

On  the  Mucilaginous  Matter  of  certain  Vegetables,  and  their  U ft 
as  a  Subjiitute for  Gum  Arabic :  by  Mr.  Thomas  Willis  ; 
being  a  Continuation  of  Experiments  made  upon  the  Subject  by 
him,  in  Addition  to  thofe  formerly  publjhed  in  the  Tranfadions 
of  the  Society  of  Arts .* 

Letter  to  CHARLES  TAYLOR,  Fj ?/. 

SIR, 

J1  HAVE  taken  the  liberty  of  prefenting  to  the  Society  for 
the  Encouragement  of  Arts,  8zc.  fpeciinens  of  the  powder  of 
vernal  fquiils,  of  white  lily-roots,  and  of  falop,  for  their  con- 
fideration  and  trial.  I  believe  the  bulbs  of  the  vernal  (quill 
will  be  found  to  be  equally  ufeful  as  thofe  of  the  hyaemthus 
non-feriptus;  and  the  ftrong  mucilage  from  the  white  lily  -root 
and  the  falop  much  more  fo. 

As  gum-arabic  has  been  at  times,  during  the  lad  war,  above 
30l.  per  cwt.  the  multiplication  of  different  fubdances  that  will 
anfwer  the  fame  purpofe,  w  ill  affuredly  be  an  object  of  a  very 
intereding  nature  to  manufa&urers  in  time  of  w  ar. 

*  Extracted  from  their  Tranfa&ions,  Vol,  XXI.  The  former 
experiments  are  in  our  Journal,  VII,  30. 
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I  have  Tent  all  the  powder  of  white  lily-root  I  had  left;  but 
am  at  the  prelent  time  drying  fome  taken  from  the  garden  two 
or  three  days  ago.  As  loon  as  it  is  powdered,  I  will  fend  you 
a  large  quantity  of  it. 

Iam,  Sir, 

Your  mod  obedient  Servant, 
THOMAS  WILLIS. 

March  24,  1803. 


SIR, 

FROM  the  candour  and  approbation  my  paper  on  the  ufe 
ol  the  hyacinthus  non-fcriptus,  as  a  fubditute  for  gum-arabic, 
in  fome  trials  in  calico-printing,  met  with  from  the  Society  for 
the  Encouragement  of  Arts,  &c.  I  refolved  to  purfue  the  fub- 
jeCt  further;  and  now  offer  the  following  obfervations  for  your 
confederation,  in  hope  that  trials  may  be  made,  that  will  be 
found  to  be  of  genera!  benefit. 

Having  frequently  obferved,  in  old  gardens,  that  the  vernal  Root  of  the 

fquill  grew  very  prolific,  I  conceived  the  root  of  them  might  vernal  lqu M very 
i  .  ,  r  .  i  t  i  n  t  mucilaginous, 

be  equally  as  muc  ilaginous  as  the  roots  or  the  blue  bells.  1  pro¬ 
cured  three  pounds  fix  ounces  of  them  on  the  8th  of  July, 

1  S02,  and  diced  and  dried  them.  They  produced  one  pound 
one  ounce  of  pow'der,  one  drachm  of  which  was  diffolved  in 
four  ounces  of  water,  by  letting  the  mixture  boil  a  minute  or 
two.  When  the  liquor  was  cold,  there  was  a  mucilage  full  as 
ffrong  as  one  made  with  a  drachm  of  the  powder  of  blue  bells, 
in  the  fame  proportion  of  water;  from  which  circumdance,  I 
fliould  think,  the  vernal  fquill  will  anfwer  the  fame  purpofes  as 
the  hyacinthus  non-fcriptus.  If  it  diould,  it  is  a  root  that  may¬ 
be  very  eafily  and  plentifully  propagated,  and  whenever  gum- 
arabic  is  dear,  may  be  found  ufeful.  It  is  to  be  remarked, 
that  I  found  no  pungency  in  the  powder  of  the  vernal  fquill. 

I  have  frequently  eaten  of  it,  and  the  tade  is  rather  agreeable. 

On  the  18th  of  Augud,  1802,  I  collc&ed  four  pounds  of  White  lily  root 
the  white  lily  root,  which  yielded,  when  dried,  rather  more  muci" 

than  one  pound  of  powder.  A  drachm  of  it  was  diffolved  in 
four  ounces  of  water,  by  gently  boiling  it  a  minute  or  two: 
the  mucilage  was  much  dronger  than  that  made  with  the  ver¬ 
nal  fquill,  but  fomewhat  darker  coloured.  This  root  may 

-podibly 
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Cum  obtained 
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evaporation. 


Comfrey  root. 


poffibly  anfwer  the  fame  purpufes  better  than  thofe  above  men¬ 
tioned.  The  powder  of  the  lily-root  leaves  a  bitternefs  on  the 
tongue. 

Twelve  ounces  of  the  frefh  roots  of  the  white  lily  being 
bruited  and  preffed,  yielded  by  evaporation  one  ounce  and  one 
quarter  of  brown  gum. 

There  being  a  fmall  quantity  of  it,  I* made  no  trial  with  it; 
but  very  probably  the  expreffed  juice  might  be  ufed  by  the 
calico-printers  with  advantage.  Thefe  roots  can  be  procured 
at  all  times,  and  propagated  to  any  extent ;  but  it  mud  be  ob- 
ferved,  that  thefe  bulbous  roots  are  dronger  when  they  are 
without  dems,  or  only  beginning  to  flioot  out  leaves;  and  the 
prefent  time  is  as  proper  as  any  that  can  be  for  procuring  them. 

I  tried  comfrey-root;  but  the  dark  colour  of  the  cuticle  of 
the  root  affected  the  dilution,  by  making  it  of  a  dark  dirty 
brown. 

I  do  not  pretend  to  claim  any  merit  in  making  the  above 
experiments.  Every  one  who  is  acquainted  with  thefe  roots» 
well  knows  that  they  are  all  mucilaginous.  My  defign  is  only 
your  patronage,  to  render  them  ufeful  in  the  arts,  that  their 
virtues  and  effects  might  not  lay  dormant,  but  be  rendered 
ferviceable  to  trade. 

After  making  the  above  trials,  the  powder  of  falop-root 
fA;pr 'Ot  affords  wa>.  ufe(j  by  diffolving  one  drachm  of  it  in  four  ounces  of 

very  frrong  J  ° 

jmicibgt;  pro-  water,  in  the  manner  above  mentioned.  It  produced  a  very 

bably  cheaper  diong  mucilage,  and,  when  cold,  was  a  perfect  jelly,  and 
than  gum-arabic.  *  ,  tt.  '  f  ,  ,  .  .  1  T 

much  dearer  than  either  ot  the  other  iolutions.  I  am  greatly 

of  opinion,  that  the  powder  of  this  root  will  not  only  anfwer 

all  the  purptifes  of  gum-arabic,  but  will  be  found  full  as  cheap, 

if  not  cheaper,  in  proportion  to  itsflrengtb,  than  gum-arabic; 

but  this  is  fubmitted  to  your  confideration  and  trial. 

I  have  fent  fome  fperimens  of  the  Powder  of  the  Vernal 
Squill,  of  White  Lily  Root,  and  ado  of  the  Salop  Powder, 
in  order  that  they  maybe  tried  by  your  diredion;  and  if  they 
fho.uld  be  found  of  benefit  to  commerce,  nothing  would  give 
me  greater  plealure,  than  to  find  my  flender  abilities  have 
been  of  utility  to  my  country,  and  honoured  with  the  appro--, 
bation  of  the  Society. 

I  am.  Sir, 

Your  obedient  fervant, 

THOMAS  WILLIS, 


Powder  of 


jtfiiTch  22,  1808. 
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IV. 

Examination  of  Mr.  Ezekiel  Walker's  Experiments  and  Theory  af 
the  Enlargement  of  the  Horizontal  Moon.  In  a  Letter  from 
C.  L. 

To  Mr.  NICHOLSON. 

SIR, 

Your  correfpondent  Mr.  Ezekiel  Walker,  has  favoured  the  Aflertion  of 
world  with  a  new  attempt  to  account  for  the  apparent  enlarge-  o^c^er 
ment  of  the  horizontal  moon*,  in  which,  after  indulging  his  images  vaiy 
w'it,  and  exprefling  his  aftonifhment  at  the  expence  of  thofe  Wlth  tlie  PuPiJ‘ 
who  have  laboured  on  the  fame  fubjedt,  he  proceeds  to  atfure 
us  that  the  pictures  on  the  retina  are  not  permanent  hut  vary  as  the 
dimenjions  of  the  pupil  vary. 

That  you,  Mr.  Nichoifon,  who  are  in  fome  refpedt  account¬ 
able  to  the  world  for  what  you  admit  into  your  Journal,  and 
who  pofftds  a  juft  celebrity  for  the  manner  in  which  you  have 
executed  the  talk, — that  you  Ihould  have  omitted  to  favour  the 
writer  and  your  readers  fo  far  as  to  reject  his  paper,  is  to  me 
no  otherwife  to  be  explained  than  by  referring  it  to  your  im¬ 
partiality ;  which  may  have  induced  you  to  leave  the  refutation 
of  alledged  facts  to  your  correfpondents  rather  than  enter  into 
a  difeuftion  refpedting  them  yourfelf. 

I  cannot  tor  a  moment  fuppofe  you  to  have  had  a  doubt  con-  Confequences 
cerning  this  imaginary  novelty  in  optics.  If  Mr.  Walker's  were^weU^ 
pofttion  were  true,  the  magnifying  powers  of  the  fame  tele-  founded, 
fcope  would  vary  with  its  aperture;  a  well  illuminated  theatre 
or  room  Would  become  contradied  in  its  apparent  dimenftons ; 
the  paper  at  which  I  now  look  would  fuddenly  become  larger 
when  I  cover  the  candle  with  my  hand;  and  in  a  word  we 
fhould  have  no  certainty  if  the  magnitudes  of  things  were  to 
appear  different  with  every  change  of  the  pupil. 

None  of  thefe  things  do  in  fact  happen,  audit  feems  almoft  Experiments  of 
trifling  to  infift  upon  them.  Still  1  efs  is  it  neceftary  to  have  repeated. 
rec.ourfe  to  lines  and  figures:  but  for  the  fake  of  your  lefs 
inftrudted  readers  I  will  meet  Mr.  Walker  by  corredt  experi¬ 
ments  of  the  fame  defeription  as  his  own. 


*  Philof.  Journal,  IX.  164, 
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Th<?  i-naare  Exp.  ).  I  took  a  clear  double  convex  lens  fupportcd  on  a 

nvuT  t  i^jVenS^anc^  anc^  P^ace(i  the  fame  oppofite  an  Argand's  lamp;  fo 
aperture  is  the  that  a  good  image  of  the  flame  was  formed  upon  a  paper  fixed 
ume  as  againft  the  wall  of  the  room.  From  the  flame  to  the  lens  the 

diftance  was  49|  inches  and  from  the  lens  to  the  image  it  was 
88  inches.  The  horizontal  breadth  of  the  image  was  repeat¬ 
edly  meafured  =  1.58  inches  and  to  a  greater  degree  of  pre- 
cifion  than  one  hundredth  of  an  inch. 

w-th  a  con-  Exp,  2.  The  lamp  and  lens  were  buffered  to  remain  unaltered 

iracted  aperture.  :n  (|le  fituations  they  poffefted  in  the  former  experiment;  but 
a  fereen  was  placed  clofe  to  (lie  lens,  having  a  circular  hole 
of  one  inch  diameter  concentric  with  the  lens  itfeif.  The 
image  was  then  fainter  but  very  diftinct,  and  meafured  exactly 
the  fame  as  before. 

In  bo!h  thefe  experiments  the  papers  on  the  wall  were  fe- 
veral  times  changed  to  prevent  any  deception  from  the  appear¬ 
ance  of  former  meafures;  and  the  meafures  were  taken  along 
the  fame  horizontal  line  by  the  help  of  a  line  on  the  wall. 

Hence  it  was  feen  that  a  diminution  of  the  pupil  or  aperture, 
to  admit  lefs  than  one  thirty-eighth  part  of  the  light,  made  no 
difference  in  the  image. 

The  experiments  Exp.  3.  I  took  a  good  achromatic  obje6t  glafs  of  Dollond, 

repeated  with  an  jiavjno  an  aperture  of  1 .9  inch  and  placed  it  at  the  diftance  of 
achromatic  lens.  .  °  .  . 

52*-  inches  from  the  lamp;  when  it  gave  a  good  image  on  the 

wall  at  the  diftance  of  70|  inches  from  the  lens.  The  hori¬ 
zontal  breadth  of  the  image  was  1.2  inches. 

Exp.  4.  When  the  experiment  was  repeated  with  no  other 
change  than  that  a  fereen  with  a  central  hole  of  0.3  inches 

n 

was  placed  before  the  lens,  the  image  proved  1 .2  inches  as  be¬ 
fore. 

The  two  laft  experiments  were  made  with  the  fame  care 
an  !  precautions  as  the  former.  They  fhew  that  no  diminution 
of  the  image  takes  place  when  the  pupil  is  diminiflied  to  admit 
lefs  than  one  fortieth  part  of  the  light. 

I  may  not  conclude,  Sir,  without  making  fome  obfervations 
on  the  direct  contra;! i&ion  of  my  experimental  refults  to  thofb 
of  Mr.  Walker’s.  May  I  aferibe  to  him  any  thing  more  than 
inaccuracy?  Afluredly  I  do  not.  Neverthelefs,  if  he  mea- 
fured  fo  uncertain  a  thing  as  the  length  of  the  flame  of  a  candle 
without  being  allured  by  repealed  experiments  that  its  perma¬ 
nency  was  entitled  to  foroc  confidence :  if  he  held  his  fereen 

nearer 


Probability  that 
Mr.  W.  was 

deceived,  and 
how. 
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nearer  to  bis  lens  when  the  light  was  rendered  fainter  by  his 
card;  if  he  mi  (took  the  greater  visibility  of  the  finaller  image- 
tor  a  proof  that  it  was  in  the  focus  of  the  lens;  in  a  word,  if 
he  did  not  paufe  an  1  examine  former  fafts  before  he  adopted  a 
concluiion  fo  repugnant  to  many  of  them,  I  would  fubmit  to 
younelf  and  readers  whether  lie  has  acted  confidently  wit!)  the 
rules  of  pliilofophical  inveftigation,  or  has  any  rcalon  to  prize 
his  own  fohition  beyond  that  which  is  founded  on  the  rules  of 
linear  per fp active*. 

I  am.  Sir, 

Your  humble  fervant, 

C.  L. 


V. 

The  Method  of  preparing  Chinefe  Sop.  Bp  Michael  de 

G  R  UBBENS.f 

Jn  Ihe  a<5ts  of  the  Swcdifh  Academy,  for  1764-,  page  38,  Ekeberg’s  ac- 
we  find  a  defcription  of  the  preparation  of  Chinefe  Soy,  by  ^ 

the  late  Captain  Ekcberg;  but  as  this  defcription  is  not  only 
incomplete  but  even  deficient  in  accuracy,  fo  as  not  to  produce 
the  true  Chinefe  compound,  I  am  well  convinced  that  Mr. 

Ekeberg  muft  have  been  unacquainted  with  the  a<5hial  procefs. 

It  is  mod  likely  that  he  depended  upon  information  given  him 
by  the  Chinefe  who  are  not  always  to  be  truffed;  a  fa 61  of 
which  I  have  had  fufficienl  reafons  to  be  convinced,  during 

i 

*  Mr.  W.  having  fuppofed  that  the  want  of  land  objefts  muft 
take  away  the  notion  of  diflrance  at  fea,  reminds  me  of  an  incident 
concerning  the  Panorama  of  Black-Friar’s  Bridge.  This  picture 
was  exhibited  with  indications  of  a  confiderable  wind  with  waves 
on  the  river,  at  the  fame  time  that  the  buildings  on  the  London  fide 
were  feen  reflected  in  the  water.  I  took  notice  of  this  inconfiftency, 
and  the  ingenious  author  replied  that  the  water  had  been  at  fuff 
painted  as  if  finooth  ;  but  it  was  found  neceffary  to  put  in  the  waves 
in  order  to  give  distance  by  their  regular  diminution  in  perfpe£tive, 
and  that  the  reflections  were  kept  in  from  a  notion  that  they  would 
rather  add  to  the  effeft  than  offend  by  their  want  of  perfect  truth. 

f  Extrafted  from  the  Memoirs  of  the  Academy  of  Sciences  of 
Stockholm  for  1803,  bv  M.  Linborn,  and  inferted  in  the  Annales 
4e  Chimie,  Vul.  L.  fr.m  which  the  prefen t  tranflation  is  made. 

v  my 


OO  o 
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ray  nve  years  refidertce  in  their  country,  in  my  attempts  to  a f- 
certain  correclly  the  manner  of  treating  a  fpecies  of  filk-worm 
which  affords  its  thread  five  or  fix  times  in  the  year,  as  well  as 
their  methods  of  dying  cotton  and  filk  and  feveral  other  branches 


Ingredients  ot 

(by. 


Procefs. 
Hericots  are 
"boiled  in  water, 


— then  mixed 
with  wheat 
flour, 


—and  thinly 
-fpread  out  in  a 
veflel  covered 

.up. 


A  peculiar 
raouldinefs  is 
fuffered  to  come 
on  by  admitting 
the  air : 


of  domeffic  ceconomy. 

Having  fince  received  for  a  confiderable  remuneration  true 
notions  concerning  thefe  objeds,  I  law  how  far  the  former  re¬ 
citals  had  differed  from  the  truth.  The  tame  thing  happened 
in  my  attempts  to  difeover  the  preparation  of  foy;  but  as  I  at 
laid  became  perfectly  acquainted  with  it,  I  think  »t  proper  to 
communicate  the  fame  to  the  academy. 

Soy  is  prepared  with  a  fpecies  of  haricots  (which  are  white 
and  fmaller  than  thofe  of  Turkey)  wheat  flour,  common  fait, 
and  water.  The  following  are  the  proportions;  50  pounds  of 
haricots,  50  pounds  of  (alt,  60  pounds  of  wheat  flour,  and 
250  pounds  of  water. 

After  having  well  wafhed  the  haricots,  they  are  boiled  in 
well-water  in  an  open  veflel  for  feme  hours,  or  until  they  have 
become  fo  foft  as  to  be  worked  between  the  fingers.  During 
the  boiling  they  mu  ft  be  kept  covered  with  water  to  prevent 
their  burning,  and  care  muff  be  taken  not  to  boil  them  too 
much,  becaufe  in  that  cafe  too  much  ot  their  fubffance  would 
remain  in  the  water  of  deco&ion.  The  haricots  being  thus 
boiled,  are  taken  out,  and  put  into  large  thallow  wooden  vef- 
fels,  which  in  China  are  made  of  thin  fiaves  of  bamboo,  two 
inches  and  a  half  in  depth,  and  five  feet  in  diameter.  In  thefe 
they  are  fpread  out  to  the  depth  of  two  inches,  and  when  they 
are  cold  enough  to  be  worked  with  the  hand,  the  wheat  flour 
is  gradually  thrown  in  and  well  mixed  with  the  haricots,  until 
the  whole  of  the  before-mentioned  quantity  has  been  ufed. 
When  the  mafs  becomes  too  dry,  fo  that  the  flour  does  not 
mix  well  with  the  haricots,  a  little  of  the  hot  water  of  deco&ion 
is  added. 

The  whole  being  well  mixed,  the  mafs  is  then  fpread  abroad 
in  the  veflels  before-mentioned,  taking  care  that  its  depth  fliall 
not  be  more  than  an  inch  or  an  inch  and  a  half;  and  the  mafs 
is  then  covered  by  a  lid  which  fits  exa6t!y.  When  the  mafs 
begins  to  become  mouldy  and  heat  is  difengaged,  which  hap¬ 
pens  after  twro  or  three  days,  the  cover  is  then  raifed  by  put¬ 
ting  two  flicks  beneath  it,  in  order  that  the  air  may  have  free 
accefs.  During  this  time  a  rancid  odour  exhales,  and  if  the 

mafs 
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mafs  becomes  green,  it  is  a  flgn  that  the  whole  goes  on  pro¬ 
perly  ;  but  it  it  begins  to  he  black,  which  mud  be  carefully 
noticed,  the  lid  mud  be  elevated  dill  more,  in  order  that  the 
mats  may  have  more  air.  It  it  once  becomes  black,  the  whole 
is  fpoiled. 

As  loon  as  all  the  fiirf’ace  is  covered  with  green  mouldinefs,  T'V10  c°™poun^ 

&  is  then  dried, 

which  ufually  happens  in  eight  or  ten  days,  the  cover  is  taken 

off,  and  the  compound  is  expofed  to  the  fun,  and  the  air  for 

feveral  days.  When  it  has  become  as  hard  as  a  done,  it  is  cut 

into  Imall  fragments,  which  are  thrown  into  an  eat  then  veffel,  cu*-in  Plfces 

_  and  mixed  with 

upon  which  the  250lbs.  of  water,  having  the  50lbs.  of  fait  fait  water : 

fird  diffolved  in  it  are  poured.  The  whole  is  then  well  dirred 

together,  and  notice  is  taken  of  the  height  at  which  the  water 

Itands.  If  it  be  not  convenient  to  put  all  the  mixture  into  one 

veffel,  a  number  may  be  ufed,  taking  care  that  the  materials 

be  proportionally  didributed  in  each.  The  veffel  thus  filled  is  and  in  a  ve^ei 

placed  in  the  fun,  and  its  contents  dirred  up  regularly  every  f^and' daily 

morning  and  evening,  and  a  cover  is  put  on  at  night  to  defend  agitated 

it  from  the  cold,  as  well  as  to  prevent  any  rain  from  finding 

entrance  either  by  day  or  night.  The  hotter  the  fun  thefooner 

will  the  foy  be  completed.  The  procets  is  feldom  undertaken  for  two  or  three 

but  in  the  dimmer,  notwithdanding  which  it  lads  two  or  three  months* 

months. 

As  the  mafs  diminidies  by  evaporation,  wrell- water  is  added;  When  the  fluid 
and  this  digedion  is  continued  till  the  fait  water  has  entirely  !?ai5  bLCome 
diffolved  the  flour  and  the  haricots.  The  veffel  is  dill  left  for  homogeneous 
fome  days  in  the  fun,  in  order  to  compleat  the  folution  dill  more 
effectually,  as  the  good  quality  of  the  foy  depends  upon  this 
circumdance;  and  the  daily  dirring  or  agitation  is  continued  to 
the  very  lad. 

When  at  length  the  mafs  has  become  very  fucculent  and  3t  is  (trained  by 
oily,  the  whole,  as  well  the  thick  as  the  more  fluid  portions,  ^ffure  and  18 
is  poured  into  bags,  through  which  the  foy  is  prefled,  and  is 
then  clear  and  ready  for  ufe.  It  is  not  afterwards  boiled,  as 
Mr.  Ekeberg  pretends.  It  is  to  be  kept  in  bottles  well  corked. 

The  Chinefe  who  deal  in  this  article  keep  it  in  large  pitchers 
well  clofed.  Before  it  is  drained  in  the  prefs  the  foy  is  of  a 
deep  brown  colour,  but  it  afterwards  becomes  black. 

The  Chinefe  alfo  prepare  two  kinds  of  foy  from  the  dregs  Inferior  foy  from 
which  remain.  The  fird  time  they  add  liOlbs.  of  water  and  tiic  Jrcss* 

SOlbs. 
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This  procefs  has 
been  often 
verified. 


by  the  writer 
himfelf. 


Soy  contains  no 
fpifce  or  fugar, 
and  is  fold  in 
China  for  three 
half-pence  a 
pound. 


Some  account 
•f  Mr.  Gough. 


ffOlbs.  of  fall,  and  after  having  prefled  the  mafs,  they  again  ELcltl 
lOOlbs.ol  water  and  20lbs.  of  fall,  always  proceeding  as  be¬ 
fore  defcribed. 

The  two  lafl  kinds  of  foy  are  not  flrong,  but  very  fait,  more 
efpecialiy  the  latter,  which  is  alio  light  *r  coloured.  Thcfo  two 
kinds  are  the  inoft  common  in  China,  and  are  ufed  both  by 
natives  and  Europeans.  The  differences  of  price  are  as  8.4. i. 

In  this  manner  I  prepared  in  1739,  at  my  refidence  in  Can¬ 
ton,  the  whole  of  the  foy  I  made  ufe  of,  and  I  alfo  brought 
feveral  bottles  with  me  to  Sweden.  It  was  fucculent,  oily, 
moderately  fait,  and  very  different  from  what  is  commonly  fold 
in  Europe.  With  regard  to  its  tafle,  it  might  be  put  in  com¬ 
petition  with  that  of  Japan,  which  is  generally  confidered  as 
the  be  A. 

This  defeription  is  more  particularly  to  be  depended  upon, 
as  I  always  made  the  preparation  niyfelf;  and  I  can  venture  to 
aflert  that  (his  procefs  is  the  only  one  for  obtaining  foy  of  the 
befl  quality. 

Mr.  Ekeberg  affirms  that  the  foy  is  boiled  with  the  addition 
of  fugar,  ginger  and  other  fpices ;  but  this  is  without  founda¬ 
tion,  and  cannot  be  true,  for  a  lb.  Chinefe  of  foy  coils  no  more 
than  two  candareens  of  Chinefe  money  *.  This  was  the  com¬ 
mon  price  during  my  whole  refidence  at  China,  and  is  too  low 
to  admit  of  thefe  ingredients  in  the  preparation.  It  is  alfo  the 
fa£l  that  foy  has  no  indication  either  of  fugar  or  fpice  in  its 
tafle;  its  principal  character  is  faline. 


VI. 

On  the  Laws  of  Galvanif/n.  In  Ltltcjf  from  C.  Wilkinson 
and  Thomas  Harrison,  Efjrs. 

Windermere  Lake,  Wtjlmorcland ,  Nov.  8. 

Dear  Sir, 

I  TAKE  the  opportunity  of  a  few  days  relaxation  in  this  ro- 
mantic  and  pidturefque  fituation,  to  trouble  you  with  feme 

*  The  Chinefe  pound  or  tad  is,  I  think,  about  20  ounces,  and 
the  candareen  is  a  little  more  than  three  farthings,  that  is  to  fay,  it 
is  one  tenth  part  of  the  mace  which  is  valued  at  eight-pence.  N. 

galvanic 
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galvanic  obfervations,  which  principally  originate  from  a  very 
pleafureable  converfation  I  have  lately  had  with  my  friend 
Mr.  J.  Gough,  of  Kendal.  To  you.  Sir,  this  gentleman,  as 
a  philofopher  and  mathematician,  is  well  known.  Although 
deprived  of  fight  in  very  early  infancy,  it  is  amazing  to  ob- 
ferve  the  rapidity  with  which  he  proceeds  in  geometrical  in- 
vefiigations.  Independent  of  this  very  finking  acquifition, 
he  is  the  beft  botanifi  and  natural  hifiorian  this  country  pof- 
lefies.  To  thefe  branches  of  knowledge  he  adds  very  con- 
fiderable  elaflical  knowledge;  and  in  his  pneumatic  enquiries 
he  places  no  dependance  upon  any  of  the  gafes  which  he  does 
not  prepare  himfelf.  To  converfe  with  fuch  a  perfon  is  to  be 
improved.  To  fome  ledtures  I  delivered  on  galvanifm  a  few 
days  ago,  at  Kendal,  I  was  honoured  with  his  attendance 
and  in  confequence  of  the  law  I  was  attempting  to  explain, 
relative  to  the  powers  of  galvanifm  on  metallic  bodies,  I  was 
favoured,  the  fubfequent  day,  with  the  following  letter  from 
a  very  intelligent  and  well-informed  profeflional  gentleman  at 
Kendal,  Mr.  Harrifon,  brother-in-law  to  Mr.  Gough  ;  the 
particulars  of  which  I  dare  fay  you  will  find  fufficiently  in- 
terefiing  to  merit  infertion  in  your  valuable  Journal. 


To  C.  WILKINSON. 

Dear  Sir,  Kendal,  Nov,  5,  I  SOT. 

I  mentioned  to  you  yefterday  my  doubts  refpedting  the  inveftlgatlon  of 

Jaw  of  galvanifm,  which  you  have  laid  down  in  Nicholfon’s  the  power  of  . 
r  °  .  i  r  ,  .  .  .  .  different  piles  in 

Journal  tor  March  1,  1804  ;  where  you  lay,  that  the  igniting  burning  wire, 
powers  in  batteries  of  the  fame  total  furface,  are  as  the  fquares 
of  the  furfaces  of  the  elementary  plates,  fingly  taken  in  each  : 

This,  if  I  mifiake  not,  yoi^^peated  in  your  lecture  oflafi  night ; 
at  which  time  I  expreffed  my  doubts  to  Mr.  Gough,  and  we 
afterwards  examined  the  data  given  in  the  paper  before-men¬ 
tioned  ;  on  which  we  made  the  following  calculations,  and 
found  that  your  conclulion  was  firictly  true  according  to  your 
data,  but  that  the  forces  of  different  batteries  expofing  un¬ 
equal  furfaces,  will  be  in  the  ratio  compounded  of  the  number 
of  plates  in  each  battery,  and  the  fixth  power  of  the  fides  of 
the  elemerftary  plates  fingly  taken  in  each.  The  data  you. 
have  given  are  the  following  :  100  plates  of  four  in,  fq.  ig- 
Vol.  IX, — December,  1SQ4.  R  nited 
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ni tctl  half  an  inch  of  wire;  1-00  plates  ignited  two  inches; 
and  50  plates  of  eight  inch.  fq.  ignited  16  inches  of  the  fame 
wire. 

Now  in  order  to  accommodate  thefe  numbers  to  algobraic 
calculation,  we  will  fuppofe  a  comparifon  of  three  batteries, 
two  of  which  are  compofed  of  plates  of  equal  diameters,  but 
differing  in  number ;  the  third  (hall  alfo  differ  from  the  firft: 
and  fecond  in  the  magnitude  of  its  plates,  and  agree  with  the 
fecond  in  the  number  of  them. 

Let  n  be  the  number  of  plates  in  the  firft,  ? n  the  number  in 
the  fecond  and  third  batteries ;  u>  and  y  the  diameters  of  the 
two  fets  of  plates.  Then,  if  the  power  of  any  fingle  plate 
bear  any  conftant  ratio  to  its  furface,  it  w  ill  alfo  have  a  con- 
llant  ratio  to  fome  power  of  its  diameter,  becaufe  the  furface 
is  as  the  fquare  of  the  diameter  in  fimilar  figures :  let  p  be  that 
power;  let  /,  k,  and  s  exprefs  the  lengths  of  wire  which  are 
ignited  by  the  id,  2d,  and  3d  batteries:  then  from  the  firft 
datum,  n  :  m  : :  l  :  k,  becaufe  the  effect  is  as  the  number  of 
equal  plates,  according  to  experiment.  Again,  feeing  that  zu 
is  the  diameter  of  the  plates  in  the  firft  and  fecond  batteries, 
and  y  the  diameter  of  thofe  compofing  the  third,  and  p  ex- 
preffes  the  power  determining  the  law. of  force  for  plates  of 
different  diameters,  fhe  force  of  a  plate  in  the  firft  and  fecond 
batteries,  will  be  to  the  force  of  a  plate  in  the  third,  as 
n *  :  yp,  and  as  the  number  of  plates  in  the  fecond  and  third  is 

Plate.  Plates. 

equal,  we  fhall  have  m  zlp  :  myp  k  :  z,  becaufe  as  1  :  m  : ; 

Plate.  Plates. 

tvp  :  k,  and  as  1  :  m  : :  yp  :  z,  then  as  :  yp  : :  k  :  z ,  but  as 
n  :  m  : :  / :  k ;  therefore  n xcp  :  m yp  : :  Ik  :  kz  : :  l  :  z  = 
l  myp 
n  zlp 

To  apply  this  general  theorem  in  order  to  determine  the 
value  of  p  in  all  cafes,  we  will  begin  with  your  own  experi¬ 
ment  made  with  equal  furfaces  on  different  numbers. 

Since  100  plates,  of  four  inches,  ignite  half  an  inch  of 
w  ire,  and  50  plates,  of  eight  inches  fq.  ignite  16  inches,  we 
have  n  =  100,  jn  =  50,  w  =  4,  y  =  3,  l  =  \t  z  —  16  ;  there¬ 
fore  100  x  T  :  50  x  Sp  : :  {  :  16 ;  but  ft  nee  8  =  2  x  4,  8P= 

2P 

: :  \  :  16,  and  16  =  —  =:  2P  “  2  ; 
1  2l 

,  but 


2P  x  4P,  therefore  2  :  2P 
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but  IG~24;  hence  24  =  2P —  a;  therefore  p  —  6  ;  hence 
the  force  of  plates  are  as  the  6th  power  of  their  diameters. 

When  the  furfaces  are  equal,  the  igniting  force  is  as  the  4th 
power  of  the  tides  of  the  individual  plates;  for  in  this  cafe  we 
have  n  zi*  =  my2,  and  n  :  m  : :  yx  :  rt>*  ;  therefore  the  theo¬ 
rem  wzt6  :  my 6  ::  l :  z,  becomes  yz  tv6  :  tv2  y6  ::  l  :  z  ;  that 
is,  u4  :  y+  ;  :  l  :  z,  which  is  the  law  in  your  particular  cafe. 

This  theorem  will  be  found  ufeful  in  efiimating  the  force  of 
batteries  in  general  ;  as  an  example  of  which  we  thall  calcu¬ 
late,  by  means  of  it,  the  force  of  your  intended  battery,  con¬ 
fining  of  50  plates,  each  24  inches  diameter.  In  order  to  de¬ 
termine  the  quantity  of  wire  that  will  be  ignited  by  fuch  a 
battery,  we  have  n  =  100,  m  =  50,  tv  =  4,  y  =  24,  or  fix 
times  iu,  /  =  j- ;  therefore  100  x  4 6  :  50  x  66  tv6  :  :  ~  :  z ; 

66 

that  is,  2  :  66  : :  \  :  z,  and  s  =  —  =  36 2  x  9  inches,  or 

4 

972  feet. 

I  am.  Dear  Sir, 

Your's  refpe&fully, 

THOMAS  HARRISON. 

Stramongate ,  Kendal . 


YOU  will  obferve,  Mr.  Editor,  from  the  above  theorem,  Experiments  ok 
that  my  fiatement  of  the  powers  of  two  different  galvanic  the  decompofi- 
arrangements,  equal  in  their  metallic  furfaces,  being  as  the tl0n  0  "atc" 
fquares  of  the  furface  of  two  individual  plates,  or,  which  is 
the  fame,  as  the  4th  power  of  the  diameter  of  each  plate,  is 
correct  only  where  the  metallic  furfaces  are  equal ;  when  they 
are  not  equal,  then  the  pow'ers  are  as  the  6th  power  of  the 
diameters,  or  as  the  cubes  of  their  refpeGiive  furfaces. 

In  a  fiiort  time  you  will  have  the  pleafure  of  a  paper  from 
Mr.  Gough,  relative  to  the  decompolition  of  water  by  gal- 
vanifm:  With  this  view  we  tried  together  the  following  ex¬ 
periments,  the  refults  of  which  tend  to  favour  the  explanation 
I  have  attempted  in  the  Elements  I  fometime  fince  publi filed. 

For  this  purpofe  I  employed  270  plates,  containing  a  fur- 
face  of  6720  fquare  inches,  and  connected  with  the  pofitive 
and  negative  fides  by  wires  of  platinum.  Thefe  platinum  wires 
were  inferted  in  a  difii  of  water  at  eight  inches  from  each 
other;  the  pofitive  wire  difengaged  oxigen  gas,  the  negative 

R  2  wire 
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wire  hidrogen  gas.  The  decompofition  took  place  very 
{lowly ;  in  proportion  as  the  wires  were  approximated,  the 
decompofition  increafed  in  the  fame  ratio. 

The  platinum  wires  were  then  inferted  into  a  capillary  tube 
whofe  bore  is  about  of  an  inch,  filled  with  water;  no  ten- 
fible  effedt  was  produced  till  the  wires  were  placed  at  the  dif¬ 
iance  of  half  an  inch,  and  then  only  a  folitary  bubble  became 
difengaged  from  the  negative  wire,  never  completely  detached, 
but  hovering  round  the  extremity,  not  being  fet  at  liberty  by 
the  evolution  of  another  particle. 

When  the  platinum  w'ires  were  inferted  in  a  tube  whofe 
bore  is  •§•  of  an  inch,  at  the  difiance  of  fix  inches  a  flight  de¬ 
compofition  was  obferved,  and  which  neceflarily  increafed  in 
proportion  as  the  wires  approached  each  other. 

When  the  platinum  wires  were  inferted  in  different  glafies 
of  water,  and  the  extremities  of  a  frog  deprived  of  its  inte¬ 
gument  confiituted  the  connecting  medium  between  the  two 
glaffes,  or  a  wet  piece  of  cloth,  at  the  difiance  of  three  inches 
a  flight  decompofition  was  obferved. 

When  two  wires  are  connected  with  the  different  ends  of  a 
galvanic  battery,  the  wires  immediately  participate,  as  to 
their  electrical  intenfity,  with  the  refpective  plates  with  which 
they  are  in  contact. 

Investigation  of  Let  us  fuppofe  P  the  wire  from  the  pofitive  end  of  the  bat- 

the  laws  of  de-  t  and  ^  tpe  nCgative.  PL.  XVI.  Fig,  2.  Let  us  fup- 
compontion  or  J  p  0  r 

water  by  gal-  pole  that  the  galvanic  arrangement  is  fuch,  that,  wdien  the 

vanifoi*  wires  are  placed  at  the  diftance  a ,  a,  the  decompofition 

commences.  If  the  wires  be  placed  at  b  and  b ,  the  decom¬ 
pofition  is  confiderably  increafed ;  and  this  increafe  will  go 
on,  till  the  maximum  will  be  at  d,  d,  when  the  wires  are 
infinitely  near  each  other  without  being  in  contadt. 

The  pofitive  wire,  according  to  its  elettrical  intenfity,  pro¬ 
duces  a  correfponaing  fiate  in  all  fluids  with  which  it  is  in 
contact,  proportionate  to  their  capacities ;  fo  alfo  the  negative 
wire  ;  and  it  is  evident  from  the  principle  of  electrical  charges, 
that  the  influence  of  each  muff  extend  to  equal  diffances  ;  it 
will  therefore  follow,  that  when  at  a ,  c,  fuppofing  thefe 
points  the  apices  of  two  equal  cones,  the  areas  of  their 
refpedtive  bales  will  be  the  lead  poffible,  and  confequently, 
.  in  their  concourfe  at  i,  will  only  influence  a  fingle  particle  of 
.viater.  When  the  wires  are  placed  at  b ,  b,  then  c  i  will  ex- 

prefs 
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prefs  the  radius  of  the  circular  bafe  (fuppofing  b  c  =  a  2),  and  Inveftigation  of 
confequently  a  greater  proportion  of  water  fubje&ed  to 
influence;  and  therefore  evidently  when  at  d,  d,  or  infinitely  water  by  gal- 
near,  the  maximum  of  decompofing  efle&s  mud  take  place. vainlrru 
This  we  obferve  is  confonant  to  experiments. 

If  a  particle  of  water  confifls  of  a  particle  of  oxigen  and  of 
hidrogen  in  a  flate  of  chemical  union,  and  if  an  agent  be  em¬ 
ployed  fufficiently  fubtle  to  penetrate  the  conflituent  particle 
of  water,  a  reparation  will  take  place.  Tlius  caloric  will  de- 
flroy  the  aggregation  of  the  conflituent  particles  of  many  fub- 
flances,  without  producing  any  decompolition  ;  in  this  cafe  it 
only  adts  by  penetrating  the  interftices  formed  by  the  confti- 
tuent  particles,  without  pervading  the  fubflance  of  the  con¬ 
flituent  particle  itfelf.  Thus  the  portions  of  water,  although 
participating  of  the  refpedlive  eledtrical  intenfities  of  the  two 
wires,  as  yet  undergo  no  decompofition ;  as  yet  it  has  not 
completely  pervaded  the  particle  of  water.  When  a  particle 
of  w’ater  is  influenced  on  one  fide  by  the  pofitive  wire,  and 
on  its  other  fide  by  the  negative,  then  the  particle  of  w'ater 
becomes  a  fmall  Leyden  phial;  and  if  the  energy  of  the  ap¬ 
paratus  fliould  be  adequate  to  overcome  the  refi  fiance  be¬ 
tween  the  two  fides  of  the  particle  of  water,  a  feparation  is 
produced,  and  the  water  becomes  refolved  into  oxigen  and 
hidrogen. 

This  deflrudtion  of  the  water  will  take  place  at  i,  the  in¬ 
termediate  diflance  between  a ,  a;  becaufe,  when  thus  re¬ 
motely  fituated,  only  a  Angle  particle  of  water  becomes  thus 
operated  upon  ;  when  at  b ,  b,  a  greater  number  of  particles 
of  w'ater  become  thus  influenced,  and  confequently  the  de- 
compofltion  is  more  rapid. 

If  w'ater  placed  in  a  capillary  tube  be  employed,  it  is  evi¬ 
dent,  however  near  the  platinum  wires  are  approximated, 
the  areas  of  the  bafes  of  the  refpe&ive  cones  will  be  not  at  all 
increafed,  and,  confequently,  the  maximum  of  its  power  will 
be  confined  comparatively  to  a  folitary  partic.Je  of  water. 

The  inflant  a  particle  of  water  becomes  thus  feparated  into 
its  elementary  portions,  it  might  be  expe6ted  that  thefe  por¬ 
tions  w'ould  be  evolved  at  i,  as  being  the  point  of  concourfe 
between  the  pofitive  and  negative  flates ;  but  in  this  form 
they  are  not  in  the  gafeous  flate  ;  they  require  caloric,  &c.  5 
and  that  they  do  not  very  readily  acquire  this  other  principle 

pecelfary 
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neceflary  toconflitute  them  gafes,  is  evident  from  the  oxigen, 
if  an  oxidable  metal  be  employed  at  the  pofitive  end,  enter¬ 
ing  into  combination  with  the  metal,  in  (lead  of  being  difen- 
gaged  in  an  aeriform  flate. 

Water  is  a  conductor  of  eleCtricity  ;  its  capacity  for  this 
principle  being  in  proportion  to  its  conducing  powers.  When 
converted  into  vapour,  its  conducting  powers  are  increafed, 
and  fo  alfo  in  the  fame  proportion  its  capacity,  as  is  evident 
from  water,  when  undergoing  this  change,  abflraCtmg  elec¬ 
tricity  from  furrounding  bodies. 

When  a  particle  of  water  is  refolved  into  its  elementary 
portions,  a  change  takes  place  in  their  capacities  for  electri¬ 
city,  caloric,  &c.  at  the  very  nafcent  inflant.  Oxigen  we 
know,  from  other  experiments,  has  its  capacity  for  electricity 
increafed,  and  mufi  acquire  this  principle  before  it  can  affume 
a  gafeous  form.  This  acquifition  will  be  effected  with  the 
greatefi  readinefs  in  the  direction  towards  the  pofitive  wire  ; 
while  the  hydrogen  particle  having  its  capacity  diminifhed, 
will  be  fimilarly  determined  towards  the  negative  w-ire. 

For  a  future  Journal  I  will  trouble  you  with  feme  experi¬ 
ments  relative  to  this  change  of  capacity.  I  am  anxious  firft 
to  perufe  Mr.  Gough’s  intended  paper,  from  whofe  philofo- 
phical  abilities  much  may  be  expeCted. 

Having  extended  this  paper  to  a  greater  length  than  I  at 
firff  expeCted,  I  fhall  defer,  till  another  opportunity,  a  reply 
to  Mr.  Cuthbertfen’s  obfervations,  and  flatter  myfelf  1  fhall 
be  enabled  to  clearly  point  out  the  error  into  which  Mr.  C. 
has  fallen. 

Although  your  Journal  may  not  be  deemed  the  proper  me¬ 
dium  for  any  medical  communications,  as  I  have  lately  wit- 
nefled  the  very  powerful  effeCts  of  galvanifm  in  rheumatic  and 
paralytic  affections.  Whatever  may  prove  of  benefit  to  man¬ 
kind  will,  I  am  perfuaded,  be  readily  admitted  into  your 
valuable  Work. 

I  am.  Dear  Sir, 


Your’s,  with  the  greatefl  refpeCt, 

C.  WILKINSON, 


Surgeon ,  19,  Soho  Square , 
London. 
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VII. 

Remark  upon  an  Affertion  of  Lavoisier,  which  has  been  re-? 
peated  by  eminent  Clte/nijls.  By  P.  Prevost,  Profejjor  at 
Geneva ,  and  Correfpondent  with  the  National  Jnjlitutc  of 
France.  * 

AT  is  a  condant  phenomenon  in  nature . that  when  Aflertion  of  La- 

any  body  whatever  is  heated . its  dimentions  become  ^at 

J  .  J  .  lince  bodies  are 

increated  in  every  direction .  If  after  having  heated  contra&ible  by 

a  folid  body  to  a  certain  point,  and  by  that  means  feparated  c.old’  t^ieir  Paf* 

J  ^  *  tides  hi  c  not  1^ 

its  particles  more  and  more,  it  be  then  differed  to  cool,  thefe  contaft. 

particles  will  approach  each  other,  according  to  the  fame  gra¬ 
dation  by  which  they  were  before  feparated  ;  the  body  will 
pafs  through  the  fame  dimenfions  it  before  poffeffed  ;  and  if  it 
be  reduced  to  the  fame  temperature  as  at  the  beginning  of  the 
experiment,  it  will  refume  its  original  volume.  But  as  we 
are  very  far  from  being  able  to  produce  an  abfolute  fiate  of 
cold  ;  but  on  the  contrary,  as  there  is  no  degree  of  refrigera¬ 
tion  which  we  cannot  fuppofe  to  be  capable  of  being  further 
augmented,  it  mud:  follow  that  we  Lave  not  yet  luceeeded  in 
bringing  the  particles  of  any  body  as  clofely  together  as  is 
podible,  and  confequently  that  the  particles  of  no  body  in  nature 
can  be  in  a  ftate  of  contact;  a  very  fingular  conclufion,  but  to 
which  neverthelefs  it  is  impoffible  to  refufe  our  adent.” — 

Elementary  Treatife  of  Chemijlry,  by  Lavoifier,  Vol.  I .  at  the 
commencement. 

The  fame  atfertion  is  repeated  feveral  pages  further,  where  The  fame  afler- 
an  example  is  taken  of  a  vetfel  filled  with  fmall  leaden  (hot. tlon  rePeatecL 
<(  The  balls  touch  each  other/’  fays  our  author,  “  whereas 
the  particles  of  bodies  do  not  touch,  but  are  always  kept  at  a 
fmall  diftance  from  each  other  by  the  effort  of  caloric.” 

The  authority  which  this  celebrated  chcmid  enjoys  in  the  , 
learned  world,  is  probably  the  only  caufe  why  this  conclufion 
has  been  adopted.  It  is  at  lead  certain  that  it  is  not  legiti¬ 
mate,  though  it  has  been  fo  often  repeated  ;  and  more  parti¬ 
cularly  in  a  late  work,  no  lefs  remarkable  for  the  depth  of 
reafoning  and  extent  of  knowledge  which  it  difplays.  Ber- 

•  Annales  de  Chimie,  Vol.L.  p.  58. 
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thollet,  in  bis  Effai  de  Static  Chimique,  Tom.  I.  p.  24-,  parag, 
2,  *  lias  thefe  words:  “  Cohefion  is  the  effcdl  of  that  affinity 
which  the  particles  exercife  on  each  other,  anil  keeps  them  at 
a  diflance,  determined  by  the  equilibrium  of  this  force  with 
thofe  which  are  oppofed  to  it;  for  the  property  poffietTed  by 
the  moft  compact  bodies  of  undergoing  a  diminution  of  volume 
by  reducing  their  temperature,  proves  that  there  is  no  imme¬ 
diate  contabt  between  their  parts.” 

After  all,  it  is  not  furprifing  that  an  author,  who  has  un¬ 
dertaken  and  fuccetsfully  executed  a  work  of  fuch  immenfity 
with  regard  to  chemiflry,  fliould  refer  to  one  of  his  mod  cele¬ 
brated  predecedbrs  for  the  folidity  of  an  argument  which  re¬ 
lates  to  the  principles  of  natural  philofphy  ;  and  this  condu6t 
is  lo  much  the  more  natural,  as  the  argument  never  having 
been  conteded,  though  frequently  quoted,  a  condderable 
prefumption  arifes  in  its  favour,  to  ditpenfe  with  any  careful 
examination  in  cafes  where  it  is  not  intended  lo  be  farther 
applied.  Now  it  docs  not  appear  that  any  farther  ufe  is 
made  of  the  propodtion  throughout  the  great  work  to  which 
our  attention  is  now  dire6ted.  I  therefore  condder  the  paf- 
fage  here  extracted,  rather  as  the  occadonal  mention  of  a 
dngular  paradox,  than  as  a  theds  which  the  author  was  de¬ 
ft  rous  of  edabli thing. 

whofe  authority  Let  this  be  as  it  may,  it  will  notwithdanding  follow,  that 
may  neverthe-  incidental  mention  of  an  adertion  by  an  author  fo 

Whin ng^thi juflly  refpedted,  will  be  confidered  as  a  proof  of  its  truth  ; 
error.  and  that  the  numerous  difciples  of  this  great  mader  will  re¬ 

peat  it  with  confidence.  It  is  therefore  defirable  that  its  want 
of  foundation  fliould  be  indded  on,  and  that  it  fliould  be  di- 
re&ly  refuted  in  a  Journal  of  extend ve  circulation  ;  more 
particularly  amongfl  thofe  who  are  mod  likely  to  be  mifled 
by  fuch  an  error. 

The  author  does  Before  we  proceed,  it  will  be  proper  to  make  an  eflential 
not  difcufs  the  diflinction.  The  adertion  is  as  follows  ;  The  particles  of  bo- 
felfP  but  only  in-  dies  do  not  touch  each  other ;  or  in  other  terms,  there  is  no 
fills  that  expan-  immediate  contad  between  the  elementary  parts  of  bodies.  Now, 

tradion  prove  to  fpeak  with  propriety,  I  do  not  at  all  intend  to  deny  this 
nothing.  atfertion,  neither  do  I  propofe  to  eflablifli  it.  AH  that  I 

intend  to  do  is,  to  fliew  that  it  is  not  legitimately  concluded 


*  Sec  Lambert’s  Tranflation,  Vol.  I.  p. 
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from  (he  principle  whence  it  has  been  deduced  ;  namely, 

the  diminution  of  volume  which  accompanies  depreflions  of 

temperature.  Now  I  fay  that  this  diminution  does  not  at  all 

prove  that  the  elements  of  bodies  have  no  immediate  contact, 

and  confequently  that  this  laft  a  tier  t  ion  is  fo  far  gratuitous. 

And  this  is  the  whole  of  what  I  defign  to  prove. 

If  it  be  true  that  there  are  numerous  conceptions  and  ex-  We  can  eafily 

amples  which  are  evident  and  eafv  to  be  given,  of  bodies  <>once*v<:  exPan* 
*  t  J  °  non  without  cef- 

(ubjeft  to  dilation  and  condenfation  without  their  parts  ceafmg  ration  of  con- 
io  be  in  immediate  contact,  it  muff:  neceffarily  be  concluded, ta<^* 
that  dilation  and  condenfation  can  afford  no  proof  in  this  re- 
fpect.  For  why  fnould  we  refufe  to  admit  fome  of  thefe  con¬ 
ceptions,  or  to  apply  fome  of  thefe  examples  to  the  cafe  of 
the  elements  ? 

1.  Conceive  the  particles  to  be  elongated  and  united  by  i.  Inftance:  the 

their  extremities,  like  the  legs  of  a  pair  of  compaffes ;  and  legj  01  cornPa^es 

°  r  *  may  open  and 

they  may  turn  with  regard  to  this  point  of  union,  as  a  centre,  /hue. 

and  produce  condenfalions  and  dilations  of  the  whole  apparent 

mafs  of  the  body  fucceffively. 

2.  A  dry  fponge,  or  fruit,  or  mucofity,  being  plunged  in  2.  Sponge,  &c. 

water,  will  dilate  without  any  ceffation  of  the  fenfible  con- b?  ccm~ 
n  ,  prelTed  or  en- 

fact ;  and  on  the  contrary,  the  lame  bodies,  when  wetted,  larged. 

if  expofed  to  become  dry,  will  undergo  condenfation. 

3.  The  example  of  the  dilatation  of  ice  and  fome  metals  by  3.  Expanfion  in 
cryffallization,  an  example  formally  remarked,  fhidied,  andcrjftals* 

well  explained,  particularly  by  the  latter  of  the  two  learned 
ehemiffs  I  have  cited,  muff  (hew  the  falfity  of  the  affertion 
which  I  refute. 

Upon  reading  the  work  of  Berthollet,  and  taking  notes  of 
fuch  things  as  I  was  defirous  of  retaining,  or  concerning  which 
I  faw  reafon  to  doubt,  I  wrote  what  is  here  tranferibed,  i.  e. 
the  fummary  indication  of  the  three  conceptions,  or  examples, 
proper  to  elucidate  this  fubjedb 

I  had  no  intention  of  fubmitting  my  remark  to  its  natural  Similar  remarks 
judges,  when  five  or  fix  weeks  afterwards,  being  employed Lefage» 
in  a  very  different  occupation,  I  found  in  the  papers  of  a 
learned  *  philofopher,  which  were  entrufted  to  me  at  his 

dealh, 

*  George  Louis  Lefage,  Conefpondent  of  the  Academy  of  Sci¬ 
ences  of  Paris,  afterwards  Correij  ondent  of  the  National  Inftitute, 

Member 
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Expanfion  and 
contra&ion, 

I.  Of  the  hands 
a.  Combs,  &c. 

3.  Cotton,  See. 

4.  Snow. 

j.  Ofcillation. 


Conelalion. 


death,  a  card  which  contained  the  fame  remark,  but  in  a 
more  abridged  form,  and  by  fimple  indication.  As  it  offers 
a  variety  of  examples  and  conceptions  of  the  fame  nature  as 
thofe  which  I  have  given,  though  neverthelefs  different,  I 
iliall  here  give  them  verbatim  : 

Note  of  G.  L.  Lefage. 

“  Methods  of  (hewing  that  this  confequence  does  not 
follow  : 

ft  1.  Four  fingers  of  one  hand  introduced  more  or  lefs  be¬ 
tween  the  four  intervals  of  the  fingers  of  the  other  hand. 

“  2.  The  tame  with  a  couple  of  brufhes,  or  cards,  or 
combs. 

“  3.  Carded  cotton,  or  hair,  and  foap  lather. 

'*  4.  Snow. 

“  5.  Agitation  or  ofcillation,  which  renders  the  fame  par¬ 
ticles  alternately  contiguous  and  feparate  more  than  a  thoutand 
times  per  minute. ” 


The  perufal  of  this  note  determined  me  to  publith  mine; 
not  only  becaufe  I  found  myfelf  authorized  by  this  coinci¬ 
dence,  but  alfo  to  render  a  fir  ft  homage  to  the  memory  of  a 
philosopher  no  lefs  modeft  than  ingenious,  and  to  begin  in 
fome  refpect  to  execute  his  will,  by  publifliing  at  lead  one  of 
his  notes  without  making  any  change.  The  lad;  conception 
offered  in  this  lafl  fhort  note,  w  ill  probably  induce  fome  phi¬ 
losophers  to  retied  again  upon  this  fubjedt,  and  may  perhaps 
lead  them  towards  the  opinions  of  the  writer. 

Member  of  the  Royal  Society  of  London,  and  of  feveral  other 
learned  Societies,  died  at  Geneva,  the  28th  Brumaire,  in  the  year 
XII.  (Nov.  19,  1803).  His  principal  writings  have  not  yet  been 
publilhed.  I  fhall  foon  give  a  fhort  notice,  as  well  as  fome  details 
of  his  literary  life,  proper  to  facilitate  the  perufal  of  his  works,  and 
eftablifh  their  originality.  P. 


Account 
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VIII. 


Account  of  a  Memoir  on  chamoying  of  Leather. 

By  M.  Seguin.  '* 

M  .  SEGUIN,  who  has  already  publifhed  feveral  intereft- 
ing  works  on  the  arts,  relating  to  the  preparation  of  (kins, 
has  lately  read  to  the  Inftitute  a  firfi:  memoir  on  chamoying, 
from  which  we  fhall  give  an  extra61. 

The  author  dates,  that  the  art  of  chamoying  confiffs  in  dif- 
pofing  the  tkins  to  receive  the  oil ;  in  impregnating  them  with 
it  by  different  operations,  of  which  he  probably  referves  the 
details  for  a  fecond  memoir;  in  then  cauting  them  to  undergo 
a  fpecies  of  fermentation;  in  expofing  them  to  the  air;  and, 
Iaftly,  in  taking  from  them,  by  means  of  potafn,  the  excefs 
of  oil  which  is  ufelefs  to  them. 

He  afterwards  pafies  to  the  chemical  examination  of  a  cha- 
moyed  fkin* 

He  found  that  this  fkin  did  not  undergo  any  alteration  by 
a  long  boiling  in  water;  but  that,  if  any  acid  whatever  is 
added  (M.  Seguin  made  ufe  of  fulphuric  acid),  the  fkin  dif- 
appeared  entirely  ;  that  a  certain  quantity  of  a  concrete  oil 
fwam  on  the  furface  of  the  liquid  ;  that  the  liquor  contained 
gelatine;  and  that,  by  its  evaporation,  it  depofited  cryftais 
of  fulphate  of  potafh.  He  alfo  afeertained,  that  on  pouring 
gelatine  into  a  folution  of  foap,  an  infoluble  precipitate  is  ob¬ 
tained,  which,  treated  with  an  acid,  comports  itfelf  exactly 
like  a  chamoyed  fkin. 

Thefe  refults,  and  the  confiderations  to  which  the  expofi- 
tion  of  the  principal  operations  of  chamoying  have  given  rife, 
induced  M.  Seguin  to  conclude  that  the  fkins,  in  the  fermen¬ 
tation  which  they  undergo,  yield  a  part  of  their  oxigen  to  the 
oil;  that  the  potafh  employed  to  cleanfe  them,  forms  a  foap 
with  the  oxigenated  oil ;  that  one  part  of  this  foap,  by  com¬ 
bining  with  the  difoxigenated  fkin,  produces  the  infoluble 
fubftance  which  makes  the  fkin  chamoyed  ;  and  that  the  other 
part  ferves  to  conflitute  that  greafe  which  remains  in  the 
leather. 


Mechanical 
operations  of 
chamoying. 


Chemical  exa¬ 
mination  of  cha¬ 
moyed  leather. 


Gelatine  poured 
into  a  folution  of 
foap,  forms  a 
precipitate  which 
refembles  a  cha¬ 
moyed  fkin  in 
its  chemical  pro¬ 
perties. 

Theory  of  the 
operation. 


*  From  Bulletin  des  Science?,  Tom.  III.  p.  209. 
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Phyfical  charac¬ 
ters  of  a  liquor 
for  rendering 
fluffs  imperme¬ 
able  to  water. 


Chemical  exa¬ 
mination. 

A  turbid  part  is 
feparated  by  re¬ 
peated  filtration 


This  work  is  the  more  intereding,  becaufe  hitherto  no  one 
has  confidered  chamoying  in  a  chemical  view,  and  becaute 
the  anal) (is  to  which  M.  Seguin  has  fubmitted  his  refults, 
renders  it  fufceptible  of  acquiring  that  perfection  which  the 
difeoveries  of  this  chemift  have  already  given  to  the  art  of  the 
tanner. 


IX. 

Analyfis  and  Decompnfition  of  a  Liquor  employed  to  render  Stuffs 
impermeable  to  Water,  By  M.  Vauquelin.  * 

It  is  known  that,  for  fome  years,  different  perfons  have 
been  fuccefsfully  employed  in  rendering  duffs  impermeable  to 
water,  an  objedf  of  great  importance  in  the  clothing  of  foldiers 
and  failors. 

The  inventors  of  this  procefs  have  hitherto  kept  the  means 
they  make  ufe  of  fecret :  there  was  only  realon  to  fuppofe 
that  fome  fat  oil  was  the  bafis  of  their  receipts,  but  experi¬ 
ment  has  not  yet  developed  it. 

A  bottle  of  this  preparation,  of  which  the  efficacy  was  known, 
having  accidentally  come  into  my  hands,  gave  me  a  defire  to 
inveftigate  its  compofition  ;  but  before  dating  the  plan  which 
I  followed  with  this  view,  I  (hall  deferibe  its  phyfical  pro¬ 
perties. 

It  is  a  white  liquor,  milky  and  opake,  of  a  bitter  tade,  and 
fmelling  like  loap  ;  on  its  furlace  there  is  a  fpecies  of  cream 
refembling  that  of  milk,  and  it  drongly  reddens  the  tinCture 
of  turnfole.  From  thefe  properties  I  thought  it  was  limply  a 
folulion  of  foap,  of  which  it  dill  retained  the  fmell  and  tade, 
which  had  been  decompofed  by  an  acid ;  but  fubfequent 
experiments  foon  convinced  me  that  there  was  fornething 
more  in  it. 

Fir  ft  Experiment. — To  find  whether  I  could  feparate  the 
white  matter  which  rendered  the  liquid  turbid,  by  filtration, 
I  put  a  certain  quantity  of  it  on  bibulous  paper:  it  palled  tur¬ 
bid  and  milky  for  a  long  time,  but,  by  returning  it  feveral 
'  times  on  the  tame  filter,  I  fucceeded  in  obtaining  it  as  clear 

*  From  Bulletin  des  Sciences,  Tom.  Ill,  p,  210. 
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as  water ;  and  I  afterwards  examined  the  liquor,  and  the 
matter  which  remained  on  the  filter,  feparately. 

Second  Experiment. — If  my  conje&ure  was  well  founded, 

I  fiiould  only  find  in  this  liquor  the  bafe  of  a  foap  united  to  an 
acid,  ot  which  there  was  a  fuperabundance.  My  firfi  care  Contains  ful- 
vvas  to  fatisfy  my  felf  of  the  nature  of  this  acid,  and  that  which  Paunc  ac*d* 
its  tafte  had  already  indicated  to  me,  was  confirmed  by  mu¬ 
riate  ot  barytes  producing  in  it  an  abundant  precipitate,  in- 
foluble  in  nitric  acid  :  thus  I  was  convinced  that  the  liquor 
contained  fulphuric  acid  ;  but,  on  the  other  hand,  ammonia  Ammonia  forms 
having  produced  in  this  liquor  a  white,  flocculent,  lemi- 
tranfparent  precipitate,  I  faw  that  it  contained  fomething 
more  than  the  lalt  refulting  from  the  decompofition  of  foap. 

Third  Experiment. — I  then  precipitated  a  certain  quantity 

of  this  liquor;  I  wafhed  the  precipitate  and  dried  it:  as  it 

had  all  the  ph>fical  characters  of  alumine,  I  combined  it  with 

fulphuric  acid  ;  I  added  to  it  a  little  fulphate  of  potafh,  and, 

by  a  flow  evaporation,  obtained  fome  very  fine  alum.  We  Contains  alu- 

have  therefore  already  found  in  this  liquor  alumine  and  ful-  probably 
.  J  .  .  1  m  the  ftate  of 

phuric  acid,  doubtlefs  combined  in  the  ftate  of  alum.  alumj 

Fourth  Experiment. — It  was  now  requifite  to  know  whether 
the  liquor  from  which  I  had  feparated  the  alumine,  did  not 
ftill  contain  fome  other  fubttance,  and  I  therefore  fubmitted 
it  to  fome  trials  by  the  re-agents,  among  which  the  oxigen- 
ated  muriatic  acid  and  the  infufion  of  nut-galls  enabled  me 
to  difcover  a  new  body  :  the  firfi:  rendered  the  liquor  turbid,  and  alfo  an  anl- 
and  foon  afterwards  produced  white  flakes  in  it;  the  fecond  mal matter> 
produced  yellowiih-white  flakes,  in  much  greater  abundance 
than  thofe  arifing  from  the  effeCl  of  the  muriatic  acid  ;  whence 
I  fufpe&ed  that,  befides  the  matters  mentioned  above,  this 
liquor  contained  an  animal  matter,  and  more  particularly  ge¬ 
latine. 

Fifth  Experiment. — To  be  better  fatisfied  of  the  nature  of 
this  fubftance,  I  evaporated  the  liquor  to  drynefs,  by  means 
of  a  gentle  heat ;  I  obtained  a  yellowifh  fait,  of  a  bitter  tafie, 
which,  by  being  re-dilTolved  in  water,  left  a  voluminous 
yellow  matter,  in  the  form  of  flakes,  very  glutinous,  and  ac¬ 
quiring,  by'  drying,  a  fort  of  elafi-icity.  This  fubfiance, 
placed  on  burning  coals,  fwells  and  exhales  white  fumes, 
which  have  the  odour  of  ammonia  and  fetid  oil,  fuch  as  are 
generally  given  by  animal  matters. 

I  no 
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which  is  gela-  I  no  longer  doubled  that  a  certain  quantity  of  animal  ge¬ 
latine  had  been  put  into  this  compofition,  with  the  intention 
of  giving  greater  vifcofity  to  the  liquor,  and  enabling  it  to 
fupport,  for  a  longer  time  and  more  effectively,  the  parts  of 
the  oil  in  fu (petition.  It  is  probably  by  heat  and  by  a  com¬ 
mencement  of  decompofition,  that  the  animal  gelatine  had  be¬ 
come  infoluble  in  water;  but  I  perceived  that  the  liquor  con¬ 
taining  the  fait  alfo  held  fome  of  it  in  folution,  for  the  muri¬ 
atic  arid  and  infufion  of  galls  dill  formed  precipitates  in  it, 
only  lefs  abundant  than  the  fir tl  time. 

Sijth  Experiment. — In  this  experiment  I  endeavoured  to 
learn  the  nature  of  the  fat  fub dance  retained  in  the  filter,  and 
of  which  I  have  fpoken  above:  my  intention  was  principally 
to  difcover  whether  it  held  fome  other  fubdance  in  combi¬ 
nation. 

For  this  purpofe  I  burned  it  with  the  filter  in  a  platina  cru¬ 
cible  ;  it  exhaled  a  vapour  fimilar  to  that  of  tallow  or  the  oils; 
it  left  lbme  allies,  of  which  the  filter  had  furnifiied  a  part :  I 
found  a  Imall  quantity  of  alumine  in  them,  which  could  only 
proceed  from  the  oil,  for  the  bibulous  paper  did  not  contain 
an  atom.  I  am  alfo  of  opinion,  that,  in  addition  to  the  alu¬ 
mine,  this  oil  contained  a  fmall  quantity  of  animal  matter, 
but  I  cannot  pofitively  albert  it. 

Thus,  notw  ithflanding  the  excefs  of  acid  w'hich  exided  in 

fome  alumine  in  ]jqUor^  the  oil  in  precipitating  carried  with  it,  and  re¬ 
combination.  ...  c  l-  J  ill/- 

tamed  in  combination,  lome  alumine,  and  probably  tome  ani¬ 
mal  gelatine. 

It  is  a  combina-  Hence  the  fubdance  which,  by  uniting  with  duffs,  ren- 

tion  ok  oil,  alu-  ^ers  them  impermeable  to  water,  is  not  the  oil  alone,  but  a 
mine,  and  am-  , 

mal  gelatine;  combination  of  this  fubdance  with  the  alumine,  and  probably 
with  the  animal  gelatine,  which  renders  this  property  more 
durable. 

and  yields  a  little  Seventh  Experiment.  —  The  liquor  which  I  had  fuccedively 
^tfUlphate  deprived  l^e  0I^  ^ie  alum‘nt’>  an(^  *n  Part»  °f  the  animal 
matter,  by  the  different  procelfes  mentioned  above,  gave  me, 
by  a  flow  evaporation,  cryflals  of  a  fait  compofed  of  foda  and 
fulphate  of  potafli. 

Eighth  Experiment. — I  made  a  better  analyds  of  this  liquor 
by  another  procefs,  which  I  fhall  detail  very  briefly. 

I  precipitated  the  alumine  and  the  oil  by  lime-water;  I 
collected,  waflied,  and  calcined  the  precipitate  :  that  which 
remained  in  the  crucible  was  alumine  and  lime. 

4 


which  retained 


Another  ana- 

lyfis. 
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The  liquor,  from  which  thefe  matters  had  been  feparated, 
evaporated  to  a  certain  degree,  yielded  fulphate  ot  lime,  a 
certain  quantity  of  animal  matter,  become  infoluble  by  the 
defloration  of  the  liquor,  and,  finally,  fulphate  of  foda  and 
potafh,  containing  alfo  animal  gelatine,  foluble  in  water. 

The  following  is  the  manner  in  which  I  conceive  this  liquor  Manner  of  pre- 
was  prepared,  with  the  exception  of  the  proportions :  Soap  and  Par*nS  t*ie 
glue,  or  any  other  gelatine,  was  diflolved  in  water;  a  folu-^ 
tion  of  alum  was  mixed  with  the  folution  of  thefe  fubflances, 
which,  by  its  decompofition,  formed  in  the  mixture  a  fioccu- 
lent  precipitate,  compofed  of  oil,  alumine,  and  animal  mat¬ 
ter;  afterwards  fome  dilute  fulphuric  acid  was  added,  to 
rediffolve  the  alumine  in  part,  to  render  the  precipitate 
lighter,  and  to  prevent  it  from  falling:  but  the  alumine 
being  once  combined  with  the  oil  and  animal  matter,  will 
not  diffolve  again  entirely  in  the  fulphuric  acid,  which  is  the 
reafon  why  the  oil  continues  to  be  very  opake,  and  neither 
riles  nor  precipitates :  it  will  be  underflood,  that  too  much 
fulphuric  acid  is  not  to  be  added.  I  do  not  know  if  this  is 
precifely  the  manner  in  which  it  is  made;  I  only  know,  that 
by  following  this  procefs,  I  fucceeded  in  compofing  a  liquor 
exactly  refembling  it,  and  which  poffefled  the  fame  pro¬ 
perties. 


X. 


New  Experiments  on  Abforption  by  Charcoal ,  made  by  Means  of 
a  new  Machine.  By  C.  L.  Morozzo.* 

i.In  the  fecond  memoir  which  I  publilhed  on  charcoal,  in  Firft  notice  of 
1783, f  I  mentioned  my  intention  of  employing  its  property  ofthe  invention* 
abforbing  the  gafes,  to  form  a  good  eudiometer.  I  immedi¬ 
ately  fet  about  the  conflruciion  of  an  inflrument  with  which  I 
made  fome  experiments;  but  the  agitation  of  the  times  obliged 
me  to  abandon  my  purfuits:  a  philofopher,  however,  to  whom 
I  had  thown  this  inflrument,  took  the  liberty  of  publifiiing  it, 
notwithftanding  its  imperfedtions,  and  without  naming  the 


*  From  the  Journal  de  Phyfique,  Floreal,  An.  XII. 
f  Journal  de  Phyfique,  p.  376'. 

author. 
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author  *.  Let  us  pafs  over  thefe  unpleafant  events,  as  well  as 
the  alterations  and  corrections  which  I  made  to  bring  the  in-' 
ffrument  to  its  prefent  Hate:  the  defcription  which  follows,  and 
the  figure  will  be  fufticient  to  tbovv  what  it  now  is. 

Defcription  of  the  Injlrumcnt.  ( Plate  XIV.) 

D'fcription  of  II.  A  B  is  a  tube  of  clear  glafs,  three  lines  and  a  half  in 
the  inftrument.  diameter  and  eighteen  inches  high:  to  this  tube  a  flop-cock  C 
is  fixed,  to  flint  the  communication,  by  means  of  the  key  D, 
fo  that  the  tube  may  be  filled  with  water  or  mercury,  and  the 
gas  to  be  examined  may  be  afterwards  paffed  in.  To  this  flop- 
cock  C  a  large  one  E  is  foldered,  an  inch  and  a  half  in  dia¬ 
meter,  and  almoft  three  inches  long.  The  handle  F  F  ferves 
to  turn  the  key  of  the  flop-cock  E;  this  key  has  a  hole,  one 
inch  and  three  lines  in  depth,  and  feven  lines  in  diameter, 
(Fig.  2.)  in  which  the  charcoal  is  placed.  This  key  is  perfectly 
tight,  and,  when  turned,  communicates  with  the  cock  C,  Fig. 
3,  not  permitting  the  paflage  of  any  air  whatever.  The  large 
ftop-eock  is  enclofed  in  a  wooden  frame,  and  well  fecured  by 
means  of  the  nut  H,  which  confines  the  lower  end  of  the  flop- 
cock  E  behind  the  board;  the  lower  extremity  of  the  tube  dips 
into  a  vefifel  of  mercury  1 1 ;  the  board  M  M  keeps  the  inffru- 
ment  perpendicular;  N  N  are  pads  which  fcrve  to  raife  the  cup 
filled  with  mercury;  O  O  is  a  fcale  mounted  on  a  flip  of  wood, 
which  is  graduated  to  inches  and  lines.  The  endlefs  (crew  P 
ferves  to  raife  or  lower  this  fcale,  to  bring  it  to  the  level  of  the 
mercury  in  the  cup. 

III.  After  having  ufed  the  inftrument  for  fome  time,  it  is 
ncceffary  to  unfcrew  the  keys  to  clean  them,  for,  by  ufe,  duft, 
charcoal,  or  afhes  will  get  in,  which  deranges  the  inflrument, 
and  fullers  air  to  pafs. 

IV.  From  feveral  experiments,  I  found  that  the  flop-cock 
D  C,  which  is  attached  to  the  cryftal  tube  fliould  be  of  flee!, 
for  on  examining  the  refidual  air,  or  filling  the  tube  with  mer¬ 
cury  to  examine  any  gas,  the  mercury  will  at  length  attack  the 
copper. 

t 

*  The  author  does  not  name  the  perfon  here  alhuled  to  ;  and  in 
a  note  he  gives  a  defcription  of  this  fir  ft  imperfe£l  inftrument,  re¬ 
ferring  to  the  figure  fo  publiflied.  This  is  omitted,  becaufe  of  little 
utility  and  not  intelligible  without  that  figure.  N, 

V.  I 
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V.  I  alfo  think  it  right  to  propofe  a  fmall  alteration:  it  is  Propofed  im- 
that  the  extremity  of  the  tube  which  is  plunged  into  the  bowl 

of  mercury,  fliould  be  a  little  more  bent,  that  the  refidual  gas 
may  be  transferred  with  greater  eafe:  this  flight  variation, 
however,  is  not  at  all  injurious  to  the  infirument,  becaufe  the 
heights  are  meafured  by  that  of  the  mercury,  the  level  of  which 
is  indicated  by  the  fcale  prepared  for  thatpurpofe;  its  greateft 
inconvenience  will  be  to  make  a  larger  and  more  cylindrical 
bowl  neceffary. 

VI.  This  machine  was  made  by  J.  B.  Piana,  a  very  fkilful  Accuracy  of  the 
mechanic;  he  conftru&ed  it  with  fuch  accuracy,  that  it  pre- 

ferved  the  mod  perfect  vacuum  for  eight  days,  which  is  what 
I  am  unacquainted  with  in  pneumatic  machines. 

Manner  of  ujing  the  Infirument . 

VII.  Suppofe  I  am  defirous  of  examining  the  abforption  Method  of 
effected  in  atmofpheric  air  by  charcoal.  The  tube  A  B  is  filled  ufing 
with  the  atmofperic  air  of  the  place  in  which  the  machine  is: 

the  llop-cock  D  is  open,  the  upper  one  is  clofed :  I  place  the 
cup  of  mercury  under  the  tube,  into  which  I  infert  a  fmall 
glafs  fyphon,  to  caufe  the  air  to  take  the  level  of  the  mercury. 

If  I  make  ufe  of  a  gas,  I  pump  out  the  internal  gas  of  the  tube 
with  a  glafs  fyringe,  to  bring  the  level  within  the  tube  to  that 
of  the  exterior  mercury  in  the  bowl.  Afterwards,  by  means 
of  the  fcrew  P,  I  move  the  fcale  till  its  zero  is  alfo  at  the 
level  of  the  mercury. 

I  make  a  piece  of  charcoal,  weighing,  half  a  dram  or  thirty- 
fix  grains,  red-hot,  and  with  tongs  place  it  in  the  cavity  G  of 
the  large  ftop-cock;  I  then  turn  the  handle  F  F,  and  in  a  few 
minutes  the  mercury  will  be  feen  to  afcend  more  or  lefs  in  the 
tube,  according  as  the  air  is  more  or  lefs  pure. 

If  it  is  wifhed  to  examine  other  gafes,  or  atmofpheric  air 
brought  from  another  place,  then  dole  the  key  D,  and  fill  the 
tube  A  B  with  water;  afterwards  difplace  the  water  with  the 
gas,  in  the  common  way  by  means  of  a  transferrer;  bring  it 
to  the  mercury,  and,  by  means  of  bibulous  paper,  abforb  the 
water  perfectly  ;  then  wipe  the  outfide  of  the  tube  carefully 
with  warm  flannel,  and  leave  the  infirument  at  refi  for  two 
hours :  or  otherwife  make  ufe  of  a  mercurial  apparatus,  which  ~  — 

is  preferable. 

Vox,.  IX. — December,  1804.  S  Incon * 


258 


CASES  ABSORBED  B  Y  CHARCOAL. 


Inconveniences  of  the  Inftrument . 

* 

Inconveniences.  VIII.  Nothing  is  more  certain  than  the  property  poiTeffed 
by  charcoal  of  abforbing  a  more  or  lefs  confiderable  quantity 
of  gas,  and  of  atmofpheric  air  ;  the  experiments  which  I  have 
publi filed  are  a  complete  demon dration  of  it;  but  I  then  made 
life  of  white  glats  tubes,  hermetically  fealed  at  the  upper  ex¬ 
tremity,  and  palled  the  charcoal  under  the  mercury,  by  which 
its  interfaces  were  tilled  with  that  fluid.  At  prefent,  on  en¬ 
deavouring  to  make  comparative  experiments  with  my  new 
machine,  which  I  was  defirous  fhould  be  a  perfect  eudiometer, 
1  found  that  the  cavity  G,  in  which  I  placed  the  charcoal,  and 
the  fmall  fpace  between  the  two  keys  of  the  flop-cock,  con¬ 
tained  air;  that  by  the  heat  of  the  charcoal  this  air  was  di¬ 
lated,  and  partly  expelled,  and  that  confequently,  on  opening 
the  key  of  the  dop-cock,  a  fmall  abforption  was  occationed 
by  the  vacuum  thus  made,  and  the  mercury  then  rofe.  To 
convince  myfelf,  and  to  difeover  at  what  quantity  this  abforp¬ 
tion  might  be  calculated,  the  apparatus  being  arranged  as  for 
other  experiments,  inflead  of  charcoal  I  introduced  a  piece  of 
red-hot  pumice-done  (I  gave  the  preference  to  this  fubdance, 
becaufe  I  was  certain  that  it  had  not  the  property  of  abforbing 
the  air,  and  alfo  that  it  would  not  take  a  greater  heat  than 
charcoal) :  on  turning  the  key  an  abforption  of  an  inch  took 
place,  and  from  feveral  experiments,  I  am  convinced  that  this 
quantity  is  uniform  within  half  a  line. 


Correlation  of  the  Inftrument. 


Correction  of 
the  inllrument. 


Outer  of  the  ex¬ 
periments. 


IX.  From  the  experiment  made  with  the  pumice-done,  it  is 
obvious  that  if  an  inch  is  deduced  from  the  total  abforption, 
the  real  abforption  produced  by  the  charcoal  will  be  obtained. 

Befides,  in  comparative  experiments  this  imperfection  caufes 
no  error;  becaufe  as  they  are  all  conduced  in  equal  circum- 
dances,  the  variations  produced,  either  by  the  different  gafes, 
or  by  the  different  quality  of  the  charcoal  made  ufe  of,  will  be 
always  proportional. 

X.  With  this  inftrument  I  made  feveral  experiments  whicli 
I  (hall  now  relate. 

XI.  I  began  by  examining  the  action  of  charcoal  when  cold, 
and  afterwards  at  a  low  heat ;  I  then  examined  the  abforption 

by 
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by  charcoal  expofed,  for  a  greater  or  lefs  length  of  time,  to  the 
light  of  the  fun  ;  this  enabled  me  to  afcertain  the  quantity  of 
light  and  caloric  which  enter  into  the  charcoal. 

XII.  The  experiments  on  atmofpheric  air,  which  is  more  or 
lefs  abforbed  according  to  its  purity,  follow  next. 

XIII.  After  thefe  are  the  experiments  on  different  gafes. 

XIV.  Oxigen  gas  gave  me  very  fingular  refults,  diame¬ 
trically  oppofite  to  thofe  I  had  obtained  in  tubes  hermetically 
fealed,  and  when  I  palled  the  charcoal  through  the  mercury, 
which  deranged  me  greatly  in  the  confequences  I  deduced 
from  if. 

XV.  After  this  article  will  follow  fome  confiderations  on 
the  quality  of  the  charcoals  made  ufe  of,  which  prove  that  their 
property  of  abforbing  is  different  according  to  their  different 
qualities. 

XVI.  I  afterwards  fhow  that  my  inflrument  may  beufed  in 
many  cafes,  if  inftead  of  mercury,  coloured  w’ater  is  employed, 
but  with  requifite  modifications. 

XVII.  The  charcoals  which  had  been  employed  in  the  ex¬ 
periments  all  acquired  a  greater  weight :  I  endeavoured  to 
extract  the  air  which  they  had  abforbed. 

XVIII.  I  alfo  mention  the  trials  which  may  be  made  by 
faturating  the  charcoal  with  different  fubltances,  having  only 
made  four  experiments. 

XIX.  I  then  proceed  to  the  conclufion,  in  which  I  endea¬ 
vour  to  give  the  explanation  of  thefe  experiments.  The  opi¬ 
nion  which  I  had  adopted  in  the  fecond  memoir,  receives  ad¬ 
ditional  confirmation  from  it;  but  the  refults  of  the  experi¬ 
ments  I  made  on  oxigen  gas  having  changed  the  ideas  I  had 
formed,  I  am  not  willing  to  hazard  an  explanation  at  prefent. 
Philofophers  will  therefore  be  contented  with  having  new  facts 
and  new  experiments. 

The  experiments  w-hich  I  detail  were  repeated  feveral  times, 
and  their  accuracy  may  be  depended  on,  as  I  can  affure  my 
readers,  that  I  have  always  confidered  truth  as  the  brighteft 
ornament  of  a  philofopher. 

Experiments  made  with  my  new  Injbrument. 

Iff.  The  charcoal  which  I  generally  employed  was  that  ofExperiments 

beech-wood  ;  the  weight  of  the  pieces  half  a  dram,  that  is  to  with  ^  n ^ 
r  ,  .  ,  r  .  6  inflrument. 

lay,  thirty-fix  grains. 

S  2 


2d.  The 
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On  charcoal 
heated  without 
the  contact  ot 
jire, 


and  expofed  to 
the  folar  light. 


2d.  The  tube  of  my  glafs  was  eighteen  inches  long,  from  (lie 
bottom  of  the  key  to  the  furface  of  the  mercury,  the  level  of 
which  is  indicated  by  the  moveable  feale.  The  diameter  of 
the  tube  is  three  lines  and  a  half:  it  contains  one  ounce  and 
feven  drams  —  five  grains  of  water,  or  a  volume  of  atmof- 
pheric  air  of  four  grains  and  a  half  at  a  temperature  of 

3d.  Being  defirous  of  throwing  a  light  upon  the  property 
pofTefled  by  charcoal  of  abforbing  a  part  of  the  atmofpheric 
air,  as  well  as  of  feveral  gafes,  by  means  of  my  new  infiru- 
irient,  I  made  a  great  number  of  experiments,  which  I  (hall 
now  deferibe. 

4th.  Charcoal,  when  cold,  has  the  property  of  abforbing 
forne  fmall  portions  of  atmofpheric  air,  and  this  abforption,  al¬ 
though  very  (low,  is  not  complete  in  lefs  than  twenty-four 
hours. 

5th.  Wilhing  to  try  whether  charcoal  to  which  heat  had 
been  communicated  without  diredt  expofure  to  fire,  would  (how 
any  abforbent  power,  I  placed  a  piece  in  a  fmall  matrafs, 
which  I  immerfed  in  boiling  water  for  an  hour;  having  after¬ 
wards  put  the  charcoal  into  the  machine,  I  obtained  an  ab¬ 
forption  of  about  three  inches. 

6th.  I  boiled  oil,  in  which  I  left  the  matrafs  for  an  hour  ; 
an  experiment  with  this  charcoal  gave  an  abforption  of  three 
inches  two  lines. 

7th  A  fmall  matrafs  containing  a  piece  of  charcoal  was  im¬ 
merfed  for  an  hour  in  boiling  alkaline  lixivium  :  it  gave  an 
abforption  of  three  inches  three  lines  nearly. 

Thefe  three  experiments  fiiow’  that  heat  communicated  to 
charcoal,  even  without  the  contadt  of  fire,  gives  it  the  pro¬ 
perty  of  abforbing  a  larger  portion  of  air. 

8th.  The  preceding  experiments  induced  me  to  examine 
whether  the  light  of  the  fun  would  communicate  the  fame 
property  to  charcoal,  I  therefore  expofed  different  pieces  to 
this  light,  in  a  white  porcelain  bowl,  and  the  abforptions  were 
proportionate  to  the  times  which  the  pieces  were  expofed  to 
the  light  of  the  fun  *. 

* 

*  At  the  inftant  of  putting  a  piece  of  charcoal  into  the  machine, 
I  placed  another  which  had  been  expofed  with  the  reft  to  the  fun  for 
three  hours,  on  the  bulb  of  a  thermometer;  it  only  raifed  one  de¬ 
gree  and  a  half  of  Reaumur’s  feale:  the  heat  therefore  was  not 
very  contiderable. 


After 
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After  two  hours  the  charcoal  abforbed  one  inch  two  lines. 

After  three  hours^  one  inch  ei 
After  five  hours,  two  inches. 

After  feven  hours,  three  inches  nearly. 

It  is  difficult  to  obtain  very  precife  refults,  becaufe  the  heat  The  light  unite* 
of  the  fun  is  greatly  varied,  according  to  the  wind;  but  in  tne  ch^r' 

this  cafe  it  is  light  as  light  which  unites  with  the  charcoal,  for 
in  very  cold  days  when  the  thermometer  in  the  (hade  was  at  — 

6*,  I  ftill  obtained  an  abforption  *. 

9th.  Being  defirous  of  afeertaining  whether  this  abforbent 
property  belonged  to  charcoal  exclufively,  I  tried  feveral  other 
bodies,  which  there  was  reafon  to  believe  contained  a  great 
deal  of  the  matter  of  fire. 

10th.  I  look  a  fmall  cylinder  of  loaf  fugar,  cold;  it  did  not  Experiments  oa 
produce  the  Imallefi  apforption.  *oa*  ^uSar> 

A  fimilar  piece,  which  I  had  heated  in  a  matrafs  with  boil¬ 
ing  water,  gave  an  abforption  of  between  two  and  three  lines. 

A  piece  of  fugar  which  had  been  expofed  to  the  fun  for  two 
hours  alfogave  an  abforption  of  between  two  and  three  lines. 

1 1th.  I  then  proceeded  to  the  examination  of  fulphur  and  on  fulphur, 
fealing  wax. 

A  cylinder  of  fulphur  of  the  fame  weight  gave  no  abforp¬ 
tion  when  cold. 

A  fimilar  cylinder,  which  had  been  expofed  four  hours  to  the 
light  of  the  fun,  gave  an  abforption  of  about  three  lines. 

A  piece  of  cold  fealing  wax  did  not  give  the  leaft  abforption,  and  on  fealing. 
and  a  fimilar  piece  which  had  been  two  hours  in  the  fun,  gavewax* 
an  abforption  of  about  two  lines. 

12th.  All  thefe  fmall  abforptions  which  were  obferved  as 
well  in  the  fugar  as  in  the  fulphur  and  fealing  wax,  were  only 
owing  to  the  flight  heat  of  thete  bodies,  which  produces  a  di¬ 
latation  in  the  air  of  the  cavity,  and  a  difplacing  of  that  por¬ 
tion  of  the  air  which  is  filled  by  the  folid  body ;  for  a  piece  of 
pumice  fione,  of  cork,  or  of  any  other  body,  produces  the 

*  It  would  be  interefting  to  examine  the  abforptions  which  might 
be  produced  by  different  pieces  of  charcoal  which  had  been  in  the 
light  of  the  fun  tranfmitted  through  coloured  glaffes,  or  by  making 
the  different  coloured  rays  fall  on  the  charcoal  by  means  of  aprifm, 
and  to  obferve  whether  the  piece  expofed  to  the  red  ray  would  abforb 
more  or  lefs  than  that  which  had  received  the  violet  ray,  and  fo  of 
the  others. 


ght  lines. 


fame 
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Charcoal  alone 
poflefled  of  this 
ab for  bent  pro¬ 
perty. 


fame  effedt.  It  is  therefore  in  charcoal  alone  that  this  abforb- 
ent  property  reticles,  and  it  is  developed  to  the  higheft  degree 
by  heat  and  light. 


Experiments  on 
atmofpheric  air. 


Former  experi 
men  ts. 


Ah'  of  a  privy. 


Experiments  on  Atmofpheric  Air. 

1 3th.  I  then  proceeded  to  examine  the  effedis  of  incandef- 
cent  charcoal  on  atmofpheric  air,  in  my  inflrument,  and  I  re¬ 
peated  the  experiments  feveral  times:  the  air  of  my  garden 
was  conftantly  lefs  abforbed  than  that  of  my  bed-room,  an  hour 
after  the  windows  had  been  opened,  and  this  was  lefs  abforbed 
than  that  of  my  bed-room  in  the  morning  before  opening  the 
windows  :  the  abforptions  were, 

The  air  of  the  garden,  feven  inches  fix  lines. 

The  air  of  the  room  alter  the  window  had  been  open,  eight 
inches  one  line. 

The  air  of  the  room,  in  which  it  had  not  been  renovated, 
eight  inches  fix  lines, 

14th.  In  the  experiments  which  I  made  in  the  year  1783, 
with  tubes  twelve  inches  in  height,  and  one  inch  in  diameter, 
I  palled  the  charcoal  through  the  mercury ;  the  abforption  of 
the  atmofpheric  air  was  then  always  about  three  inches  and 
fix  lines,  that  is  to  fay,  a  little  more  than  one  fourth  :  in  this 
cafe  it  is  uniformly  greater  and  about  one  third.  Probably  the 
mercury  filled  many  of  the  interllices  of  the  charcoal  when  it 
was  palled  through  it,  which  might  prevent  this  greater  ab¬ 
forption. 

15th.  I  afterwards  examined  the  air  of  a  privy,  which  was 
taken  into  the  fyringe  feven  toifes  above  the  fewer. 

The  abforption  was  eight  inches,  that  is  to  fay,  nearly  equal 
to  that  of  my  room.  This  did  not  furprize  me,  becaufe  in 
thofe  compofitions  which  contain  azote,  this  gas  is  not  much 
abforbed,  as  we  fliall  prefently  fee  :  befides,  Mr.  White  with 
an  eudiometer  of  nitrous  gas  alfo  found  that  the  air  of  a  privy 
gave  him  an  abloption  equal  to  that  of  common  air  *. 


Experiments  on  the  Cafes. 


Experiments  on 
the  gafes. 


16th.  After  having  examined  the  atmofpheric  air,  I  pro¬ 
ceeded  to  the  examination  of  carbonic  acid  gas :  I  filled  the 


*  See  Journal  de  Phyfique,  Tom  XVIII.  p.  145,  and  the  reflec¬ 
tions  of  Guyton  Morveau  in  his  excellent  tieatife  on  the  means  of 
diiinfedting  the  air. 


tube 
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tube  with  this  gas,  which  I  had  extra&ed  from  powdered  mar-  Carbonic  acid 
ble  by  vitriolic  acid.  I  placed  the  ineandefcent  charcoal  in  the§as* 
machine  which  effe&ed  an  abforption  of  fixteen  inches  fix  lines, 
that  is  to  fay,  of  eleven  twelfths  of  the  capacity.  This  ex¬ 
periment  corresponds  exadlly  with  that  which  I  made  with  the 
tube  of  twelve  inches  in  height,  and  one  inch  in  diameter,  and 
in  which  the  charcoal  was  palfed  through  the  mercury :  the 
abforption  in  that  cafe  was  eleven  inches. 

17th.  I  afterwards  examined  the  effedt  produced  on  the  fame 
gas  by  a  piece  of  charcoal  which  had  remained  five  hours  in 
the  folar  light.  It  caufed  an  abforption  of  ten  inches  and  three 
lines,  which  furprized  me  greatly. 

18th.  But  to  afeertain  whether  charcoal  has  any  peculiar 
affinity  with  carbonic  acid  gas,  I  tried  this  gas  by  placing  a 
piece  of  cold  charcoal  in  the  machine,  and  the  abforption  was 
nine  inches  fix  lines. 

19th.  To  difeover  the  effect  of  carbonic  acid  gas  when  mixed  A  mixture  of 

with  atmofpheric  air  I  filled  the  tube,  which  is  eighteen  inches  carbon*c  acid 
f  gas  and  atmof- 

high,  with  nine  inches  of  carbonic  acid  gas,  and  nine  inches  pheric  air. 
of  the  air  of  my  room  with  the  windows  open  :  the  charcoal 
effected  an  abforption  of  twelve  inches  and  three  lines. 

On  analyling  this  experiment,  it  agrees  perfectly  with  thofe 
related  above,  for 

The  abforption  of  the  air  of  my  room  was  8  inches  1  line. 

- of  the  carbonic  acid  gas  16  6 

Total  24  7 

The  half  of  this  is  twelve  inches  three  lines  and  a  half, 

\ 

within  half  a  line  of  the  abforption  obtained. 

20th.  I  afterwards  tried  the  a£tion  of  charcoal  in  hidrogen  Hidrogen  ga*. 
gas,  obtained  from  iron  by  fulphuric  acid,  and  the  abfoption 
was  three  inches  and  one  line:  it  was  accomplifhed  in  five  or 
fix  minutes,  and  flopped  at  that  height  :  the  effeft  obferved 
in  my  machine  did  not  furprize  me,  for  I  had  noticed  in  my 
fir  ft  memoir,  that  of  all  the  aeriform  fluids,  hidrogen  gas  was 
abforbed  the  leaf!.  There  is  a  perf’eft  correfpondence  between 
this  experiment,  and  that  which  I  made  in  the  year  1783,  in 
cry ftal  tubes  of  one  inch  in  diameter  and  twelve  in  height :  the 
abforption  w'as  then  two  inches  and  one  line,  that  is  to  fay,  one 
fixlh  of  the  height;  in  my  new  machine,  the  tube  of  which  is 
eighteen  inches  long,  the  abforption  was  three  inches  and  one 
line,  which  is  alfo  the  fixth  of  the  capacity. 


21ft.  On 
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Azote  gas. 


The  bulk  of 
the  egg  does 
not  dept  nd  fo 
much  on  the 
nourifhment  as 
on  the  breed 
of  the  hen. 


21  ft.  On  frying  the  fame  hidrogen  gas  with  a  piece  of  char¬ 
coal  w'hich  had  been  kept  about  four  hours  in  the  bright  folar 
light,  I  had  only  an  abforption  of  fix  lines. 

22d.  I  next  proceeded  to  the  examination  of  azote  gas.  I 
began  by  examining  that  obtained  from  atmofpheric  air,  in 
which  a  candle  was  extinguifhed. 

The  abforption  was  fix  inches. 

23d.  I  examined  that  obtained  by  thecombuftion  of  fulphur, 
and  had  an  abforption  of  feven  inches  and  three  lines :  it  is  to 
be  obferved  that  this  gas  always  contains  fulphureous  acid,  and 
for  that  reafon  more  of  it  was  abforbed. 

A  fecond  experiment  with  the  charcoal  gave  me  feven  inches 
and  two  lines. 

I  afterwards  tried  the  azote  gas  obtained  from  atmofpheric 
air  in  which  I  had  extinguifhed  a  large  piece  of  charcoal  under 
a  bell  :  the  abforption  was  feven  inches  fix  lines ;  but  this  gas 
always  contains  a  little  carbonic  acid,  and  coniequently  there  is 
a  larger  abforption. 

24-th.  To  be  fure  of  having  the  pureft  azote  gas  w  ithout 
mixture,  I  took  the  gas  obtained  by  decompoiing  nitrous  acid 
by  means  of  hidrogen  gas,  w’hich  laft  gas  had  been  obtained 
from  the  decompofition  of  water  by  iron. 

The  abforption  was  only  fix  inches  and  one  line. 

We  have  not  yet  very  corred  ideas  with  refped  to  azote : 
it  appeared  to  me,  however,  in  feveral  of  the  experiments 
which  I  made  with  atmofpheric  air,  that  when  it  is  united 
with  aqueous  vapour,  more  of  it  is  abforbed  than  when  in  a 
dry  ftate.  Befides  it  is  evident  that  the  azote  gas  is  not  much 
abforbed,  which  correfponds  with  my  firft  experiments. 

(The  Conclufion  in  our  next.) 


XI. 

On  the  Commerce  of  Hens  Eggs ,  and  on  their  Prefervution.  By 

M.  Par  men  tier  *. 

There  are  very  eonfiderable  differences  in  the  eggs  of 
hens  in  refped  to  fize.  Some  are  as  large  as  the  eggs  of  ducks, 
while  others  refemble  thofe  of  pigeons.  M.  Parmentier,  from 


•  From  Bulletin  des  Sciences,  Tom.  III.  p.  214. 
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obfervations  on  a  great  number  of  hens  of  different  breeds, 
which  he  reared  in  the  fame  place,  has  found  that  the  bulk  of 
the  eggs  depends  much  more  on  the  breed  of  the  hen  than  on 
the  quantity  of  nourifhment.  Thofe  breeds  which  give  the 
largeft  eggs  are  not  however  to  be  preferred  on  that  account, 
becaufe  with  them  as  much  may  be  loft  in  the  quantity  of  eggs 
as  is  gained  by  their  ftze.  Of  all  the  breeds  known  in  France 
the  author  gives  the  preference,  with  refpe<51  to  the  produce  of 
eggs,  to  that  which  is  called  the  common  hen,  and  which  is 
only  common  becaufe  its  merit  is  known.  Thofe  which  have 
black  legs  are  in  greater  efteem  than  thofe  with  yellow  ones. 

From  comparative  experiments  continued  for  a  year,  M. 

Parmentier  found  that  though  the  eggs  of  this  breed  were  not 
fo  large  as  fome  others,  yet  every  thing  befides  being  equal 
they  produced  at  leaft  one  half  more. 

Next  to  this  breed  of  hens  comes  the  crefted  hen  and  the  Superior  breeds, 
large  Flemifh  hen.  The  one  is  more  delicate  eating,  becaufe 
laying  lefs  than  the  common  hen,  it  grows  fatter;  the  other, 
without  being  more  productive,  i»  preferable  for  railing  chick¬ 
ens.  The filky  hen  ( poule  de  foie)  fo  beautiful  in  its  form  and 
in  the  finenefs  of  its  plumage,  fo  careful  in  laying,  foafiiduous 
in  fetting,  fo  tender  of  its  chicks,  might  be  recommended,  but 
unfortunately  two  of  its  eggs  are  not  worth  one  common  egg. 

This  circumftance  places  it  among  thofe  which  muft  be  left  for 
the  curious. 

After  the  choice  of  the  breeds,  care  muft  be  taken  that  the  Management  of 
hens  are  neither  fed  too  abundantly  nor  too  fparinglv  ;  that  they  t^ie  hens, 
do  not  wet  their  feet,  that  they  are  fufficiently  clofe  in  the  rooft 
to  heat  and  electrify  each  other  ;  and,  that  they  meet  with  a 
little  warm  dung  in  the  day  time. 

When  the  only  objeCt  in  keeping  hens  is  to  procure  eggs, 
and  thus  turn  to  profit  the  grain  which  remains  among  the  chaff 
and  in  the  dung-hills,  it  is  wholly  ufelefs  to  keep  cocks  at  the 
fame  time,  becaufe  experience  has  thown  that  hens  deprived 
of  the  male  do  not  lay  lefs  than  thole  which  have  it.  The 
having  by  this  is  not  the  only  nor  the  greateft  advantage.  The 
unfecundated  eggs  keep  much  better  than  thofe  which  are  fe-  Unfecundated 
cundated.  It  has  been  found  by  experiment  that  they  can  flip-  eS£s  ljable 
port  a  heat  of  32°  (87°  F.)  for  thirty  or  forty  days  without  experi-  t0 
encing  any  change.  It  is  therefore  evident  that  the  evapora¬ 
tion  of  the  liquors  is  not,  as  Reaumur  thought,  the  immediate 

caufe 


26(5 


Caufes  of  the 
fpoiling  of  eggs. 


Utility  of  im- 
merfing  the  eggs 
for  a  fhort  time 
in  boiling  water. 


Eggs  laid  at  fea 
keep  longer  than 
others. 


Requifites  for 
keeping  eggs 
frelh. 


EGGS  OP  HENS. 
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caufe  of  the  putrid  change  in  eggs,  and  that  to  preferve  them, 
it  is  not  fufficient  to  cover  them  with  greafe  or  oil,  as  this 
learned  man  recommends,  fince  in  the  experiment  mentioned 
above  the  unfecundated  eggs  did  not  fpoil,  though  they  loft 
confiderably  by  evaporation.  The  fecundation,  by  the  prin¬ 
ciple  of  life  which  it  communicates  to  the  germ,  expofes  the 
eggs  to  many  accidents  which  do  not  take  place  with  thofe  in 
which  the  male  has  had  no  (hare. 

M.  Parmentier  particularizes  fome  of  thefe  accidents.  Some 
of  them  arife  from  the  commencement  of  the  developement  of 
the  germ.  Sometimes  it  is  enough  if  feveral  hens  lay  their 
eggs  in  the  fame  neft;  for  the  egg  which  is  firft  laid  in  it,  par¬ 
taking  in  fucceftion,  and  for  fome  hours,  of  the  heat  of  the 
hens  which  follow  each  other,  undergoes  a  fpecies  of  incuba¬ 
tion  which  excites  the  vitality  of  the  germ,  and  this  egg  be¬ 
comes  changed,  though  it  is  but  recently  laid.  It  is  thus  that 
eggs  of  the  fame  age  appear  frequently  to  differ  in  their  frefh- 
nefs.  At  other  times  the  change  in  the  egg  may  arife  from 
the  fecundating  germ  being  killed,  ei t her  by  thunder,  or  in 
the  conveyance,  by  the  jolting  of  the  carriage  or  the  rolling  of 
the  vefiel,  or  by  the  lapfe  of  time.  When  the  germ  is  once 
dead  it  corrupts,  and  communicates  the  corruption  to  that 
which  furrounds  it.  This  theory  appears  to  explain  one  me¬ 
thod  I  made  ufe  of  fuccefsfully  for  preferving  eggs  even  when 
fecundated:  it  confifls  in  plunging  them  for  a  couple  of  fe- 
conds  into  boiling  water.  It  is  known  that  by  this  means  they 
become  fufceptible  of  being  prefer ved  for  feveral  months,  if 
they  are  afterwards  kept  in  a  cool  place,  or  in  (alt.  M.  Par¬ 
mentier  fufpefts  that  the  utility  of  this  procefs  depends  on  the 
deftruclion  of  the  vitality  of  the  germ  by  the  boiling  water. 

Mariners  aflert  that  eggs  laid  at  fea  keep  better  than  others. 
May  not  this  arife  from  the  hens  on  board  a  fhip  having  no  com¬ 
munication  with  cocks?  For  the  fame  reafon  the  dimini  Hied 
vigour  of  the  cocks  in  our  poultry  yards,  in  autumn,  may  be 
one  caufe  of  the  eggs  laid  in  that  teafon  being  more  capable  of 
being  kept  than  thole  of  the  firft  laying,  to  which  may  be  added, 
that  the  hens  are  at  that  time  fed  more  with  grain  and  lefs  with 
herbage. 

From  thefe  obfervations,  M.  Parmentier  thinks  that  the  firft 
condition  towards  obtaining  eggs  capable  of  being  preferved 

and 
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and  tranfporled  without  fpoiling,  is  not  to  keep  a  cock  with  the 
hens  in  the  poultry  yard.  It  is  an  error  to  fup pole  that  eggs 
not  fecundated  have  a  worfe  tafte  than  thofe  which  are  fo. 
The  author  afcertained  that  the  mod  delicate  palate  was  inca¬ 
pable  of  difcovering  any  difference.  Afterwards  it  is  only  re- 
quifiteto  fhelter  the  eggs  from  humidity,  light,  heat,  and  troff. 
The  method  which  fucceeded  bed:  with  the  author  was  to  pro¬ 
cure  baikets  made  of  draw,  in  which  he  placed  the  eggs  with 
layers  of  chad'  between  them.  The  draw  and  the  chaff  are 
dry  materials,  fmooth,  very  bad  conductors  of  heat,  and  con- 
fequently,  very  proper  to  preferve  the  character  of  fredinefs  in 
the  eggs:  thefe  baikets  were  afterwards  fufpended  in  a  dry, 
dark  and  airy  dtuation. 


XII, 

Method  of  giving  the  Colour,  Grain,  and  Hardnefs  of  Steel  to 
Copper.  By  B.  G.  Sage*. 

Margraff  and  Pelletier  have  pubhfhed  their  invefiiga- 
tions  relative  to  the  union  of  phofphorus  with  different  metallic 
lubdances;  the  French  chemid  has  brought  this  procefs  to  per¬ 
fection:  it  was  by  repeating  and  varying  his  experiments  that 
I  difeovered  that  the  readied  and  mod  certain  method  ofphof-The  readieft  and 
phorating  copper  is  to  take  the  copper  in  the  metallic  form,  to  ^ 
melt  it  with  two  parts  of  animal  glafs,  and  a  twelfth  part  of  copper  and  phof- 
powdered  charcoal.  But  it  is  effenlial  that  the  copper  ffouldp^0rus’ 
offer  a  large  furface;  an  advantage  which  is  obtained  by ufing 
chips  of  this  metal,  which  are  to  be  placed  in  alternate  layers 
with  the  animal  glafs  mixed  with  the  powdered  charcoal.  I 
expofe  the  crucible  to  a  fire  brilk  enough  to  melt  the  animal 
glafs;  it  forms  phofphorus;  the  greated  part  of  which  burns, 
while  another  part  combines  with  the  copper,  in  which  it  is 
fo  confolidated  that  it  does  not  quit  it,  although  it  is  kept  in 
fufion  for  twenty  minutes  under  the  animal  glafs  which  has  not 
been  deco mpo fed. 

When  the  crucible  has  cooled  and  is  broken,  the  phofpho-  Phofphdrated 
rated  copper  is  found  under  the  glafs,  which  has  paffed  to  thec°Pter‘ 


*  From  Journal  de  Phyfique,  Mcflidor,  An.  XII. 
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Its  a£tfon  on 
polifhed  iron. 


Is  more  fufible 
than  copper. 


fiate  of  a  red  enamel,  in  the  form  of  a  grey  and  brilliant  but¬ 
ton  :  on  weighing  it,  it  is  found  to  have  acquired  one  twelfth 
by  this  operation. 

If  the  melted  phofphorated  copper  falls  on  a  plate  of  polifhed 
iron,  it  fpreads  itfelf  in  the  form  of  plates  of  various  configu¬ 
rations  which  are  iridefcent  like  the  neck  of  a  pigeon. 

Phofphorated  copper  is  much  more  fufible  than  red  copper: 
it  may  be  often  melted  under  charcoal  powder  without  lofing 
its  properties. 


Does  not  quit 
the  phofphorus 
without  diffi¬ 
culty. 

Refembles  fteel 
in  hardnefs, 
grain  and  colour, 
and  does  not  tar- 
nifh  by  expo- 
fure  to  the  air. 


A  fmall  quan¬ 
tity  of  charcoal 
to  be  ufed  in  its 
preparation. 


Red  enamel. 


Copper  and 
phofphorus  can 
only  be  com¬ 
bined  in  the  dry 
way. 


The  fame  phofphorated  copper,  expofed  for  a  long  time 
under  a  muffle,  does  not  feparate  from  the  phofphorus  with¬ 
out  great  difficulty. 

The  copper  thus  combined  with  the  phofphorus  acquires  the 
hardnefs  of  fteel,  of  which  it  has  the  grain  and  the  colour; 
like  it,  it  is  fufceptible  of  the  mod  beautiful  polifli;  it  is  turned 
eafily  in  the  lathe;  it  does  not  change  in  the  air:  I  have  for 
fifteen  years,  kept  buttons  of  polifhed  phofphorated  copper  in 
my  laboratory,  which  have  not  experienced  the  leaf!  change. 
The  copper  does  not  develope  any  fmell  on  being  rubbed  :  if 
it  was  du&ile  it  would  be  of  the  greateft  utility,  fince  fat  bo¬ 
dies  do  not  feem  to  make  any  impreffion  upon  it. 

In  the  phofphoration  of  copper  there  is  only  a  part  of  the 
animal  glafs  decompofed:  becaufe  afufficient  quantity  of  char¬ 
coal  is  not  employed  to  convert  all  the  acid  into  phofphorus; 
but  it  is  necefTary  that  this  fhould  be  the  cafe,  that  the  phof¬ 
phorated  copper  may  feparate  and  colledt  with  facility. 

The  deep  red  enamel  which  is  formed  in  this  experiment 
may  be  advantageoufly  employed  for  porcelain  or  the  enamels, 
fince  it  does  not  change  colour  in  the  fire. 

Copper  cannot  combine  with  phofphorus  except  in  the  dry 
way.  If  a  cylinder  of  phofphorus  is  put  into  a  folution  of  ni¬ 
trate  of  copper  diluted  with  four  or  five  thoufand  parts  of  wa¬ 
ter,  at  the  end  of  eight  days  the  copper  will  be  found  in  a  me¬ 
tallic  form,  cryfiallized  and  du&ile,  forming  a  cafe  for  the  cy¬ 
linder  of  phofphorus. 
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Objurgations  on  Mr.  Gough’s  tivo  Letters  on  Mixed  Gajes 


SIR, 


To  Mr.  NICHOLSON. 


My  reply  to  Mr.  Gough’s  driCtures  being  chargeable,  it  Introdu&ioa. 
feems,  with  acrimony  and  ridicule,  and  with  having  but  few 
arguments,  and  thofe  in  appearance  negligently  conducted. 

(though  the  lad  charge  requires  a  whole  letter  to  make  it 
good)  ;  I  propofe,  in  what  follows,  to  avoid  the  two  former 
of  thefe  as  much  as  may  be,  and  to  be  as  careful  as  poffible  in 
conducting  my  arguments;  fo,  that  if  they  appear  to  Mr.  G. 
deftitute  of  that  logical  precifion  which  charaCterifes  his,  he 
may  aferibe  it  to  my  inability,  and  not  to  any  want  of  incli¬ 
nation. 

The  accuracy  of  Mr,  G.’s  demondration  in  the  former  let-  Obfervations  on 
ter,  depends  upon  that  of  three  phyfical  data;  lft,  The  fpe- 
eific  gravity  of  azotic  gas;  2d,  The  fpecific  gravity  of  oxi- gaffes, 
genous  gas;  and,  3d,  The  quantity  of  oxigen  in  a  given  vo¬ 
lume  of  almofpheric  air.  If  any  one  of  thefe  be  wrong,  it 
may  prove  fatal  to  his  demondration  :  now  it  unfortunately 
happens  that  all  three  are  wrong,  and  that,  when  corrected, 
they  prove  the  very  reverfe  of  his  propodtion ;  namely,  that 
atmofpherical  air  is  a  mechanical  mixture  of  oxigenous  and 
azotic  gafes. 

Mr.  G.’s  data  are, 

Sp.  gravity  of  azotic  gas,  .985 

- oxigenous  gas,  1,103 

Quant,  of  oxigen  in  atmo- 

fphere,  per  cent,  in  bulk,  22-25-28,  uncertain  which. 

The  true,  or  at  lead  the  mod  approximate  numbers,  are, 

Sp.  gravity  of  azotic  gas,  -  .966  , 

- oxigenous  gas,  1.127 

Quant,  of  oxig.  in  atmofphere, 
per  cent,  in  bulk,  21 

Then,  per  Mr.  G.’s  theorem,  21  x  1,127  =  23.667 

and  79  x  .966  =  76.314 


99.981 

*  See  Pages  107,  160,  of  the  prefent  Vol. 
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Obfervations  on 
Mr.  Gough’s 
letter  on  mixed 
gafes. 


The  fum  is  fo  near  100,  that  Mr.  G.  will  not  venture  (o  pre- 
fume  any  thing  on  the  difference,  further  than  that  the  data 
are  dill  in  a  Imall  degree  incorreft,  which  I  believe  no  body 
will  difpute  with  him. 

Mr.  G.  by  this  time  is  ready  to  query,  How  do  you  know 
your  data  to  be  more  correct  than  mine?  I  will  now  inform 
him. 

Dr.  Prieflley  was  perhaps  the  fird  to  invedigate  the  fpecific 
gravities  of  the  two  gafes  in  quedion.  His  method  was  very 
exceptionable  ;  but  fuch  is  generally  the  cafe  in  the  infancy 
of  any  fcience.  (See  Vcl.  II.  Page  452,  abridg.  Ed.  of  his 
Nat,  Philof.)  He  found  azotic  gas  as  much  lighter  than 
common  air  as  oxigenous  was  heavier.  Mr.  Kirwan  foon 
after  gave  a  much  nearer  approximation  ;  namely,  the  one 
which  Mr.  G.  has  adopted.  Lavoifier  alfo  found  the  fpecific 
gravity  of  feveral  gafes.  (See  Elements  of  Chemijlry,  Append . 
Table  7).  His  ref u Its  nearly  agree  with  Kirwan's  in  regard 
to  oxigen,  but  differ  confiderably  in  regard  to  azote.  Ladly, 
Mr.  Davy,  when  invedigating  the  compounds  of  azote  and 
oxigen,  found  it  expedient  to  afeertain  with  precifion  the 
fpecific  gravity  of  the  two  gates.  Having  every  means  of 
his  predeceffors,  and  their  refults  before  him,  he  ought  at 
lead  to  have  decided  in  regard  to  the  difference  between 
them.  Accordingly  he  finds  his  refults  to  agree  with  Lavoi- 
fier’s  in  refpe6t  to  azote;  but  he  finds  the  fpecific  gravity  of 
oxigen  fomewhat  greater  than  either  of  them.  (See  Re - 
fear  ekes,  pag.  565). 

The  following  table  exhibits  (he  refults  of  all  tliefe  together, 
reduced  to  the  dandard  of  atniofpheric  air. 


Specific  Gravities  of 

Azotic  Gas.  Atmof.  Air.  Oxigenous  Gas. 
According  to  Priedley,  .989  —  1.000  —  1.011 

Kirwan,  .985  —  1.000  —  1.103 

Lavoifier,  .966  —  1.000  —  1.102 

Davy,  .966  —  1.000  —  1.127 

As  for  Mr.  G/s  third  datum,  I  think  it  fcarcely  pardonable  in 
the  prefent  day,  for  any  one  to  pretend  to  difeufs  a  quedion 
concerning  the  conditulion  of  the  atmofphere,  under  the  un¬ 
certainty  whether  it  contains  22  or  28  per  cent,  of  oxigen. 
He  ought  to  be  acquainted  with  the  hiltory  of  eudiometrv, 

and 
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and  to  repeat  experiments  confidered  as  decifive,  especially  Obfervationson 

as  they  are  of  a  fimple  nature.  All  the  chemifts  ot  Europe  ,Mr‘ Gougl?  * 

_  r  '  letter  on  mixed 

leem  to  he  agreed,  that  either  21  or  22  per  cent,  in  bulk,  is  gafes. 
the  proper  number.  My  own  experience  gives  21  for  the 
neared  integer,  which  agrees  with  Mr.  Davy’s  in  your  Journal, 

(quarto  Series),  Vol.  V.  page  175  :  if  Mr.  G.  entertains  any 
doubt  on  the  fubjedt,  I  would  refer  him  to  that  paper,  and  ho 
will  receive  ample  fatisfatftion. 

After  what  has  been  faid,  I  think  Mr.  G.  mud  be  fatisfied 
that  he  has  virtually  demondrated  the  atmofphere  to  be  a  me¬ 
chanical  mixture  of  the  two  gafes:  If,  however,  he  dill 
alledge  that  I  only  oppofe  one  authority  to  another,  and  that 
his  is  as  good  as  mine;  then  I  would  recommend  him  to 
lalisfy  himfelf  as  follows:  mix  21  parts  (or  a  quantity  of  gas 
containing  21 )  of  pure  oxigen,  and  79  of  pure  azote,  toge¬ 
ther;  after  this  proceed  to  the  analyds  of  the  gafes,  and  exa¬ 
mine  the  differences  between  the  refults,  and  thofe  done  from 
the  analyds  of  100  parts  of  atmofpheric  air. 

I  cannot  conclude  this  article  without  obferving,  that  Mr.  G. 
mud  have  been  totally  unacquainted  with  the  opinions  of  chemi¬ 
cal  philofophers  on  the  fubjeft,  or  he  would  not  have  expanded 
into  the  compafs  of  dve  or  bx  pages  a  dmple  argument,  which 
has  often  been  adverted  to  by  others,  and  is  now'  wholly 
abandoned  as  untenable.  Mr.  Davy,  in  his  Refearches, 
publidied  in  1800,  advocating  the  notion  of  atmofpherical  air 
being  a  chemical  compound,  produces  four  evidences,  one  of 
which  is  dated  as  follows  :  See  Page  326. 

t(  2 dly,  The  difference  between  the  fp.  gr.  of  atmofpheric 
air,  and  a  mixture  of  27  parts  oxigen  and  7  3  nitrogen,  as 
found  by  calculation  ;  a  difference  apparently  owing  to  ex- 
pandon  in  confequence  of  combination.”  In  a  note  he  adds, 
i(  The  two  brd  evidences  have  been  often  noticed.”  This 
gentleman  however  foon  after,  finding  that  the  atmofphere 
contained  only  21  per  cent,  of  oxigen,  mud  have  feen  that  this 
evidence  w?as  not  to  be  admitted.  Since  that  time  it  has  not 
been  urged  by  any  one  to  my  knowdedge. 

I  come  next  to  Mr.  G.’s  reply  at  page  160.  This  at  the 
commencement  purports  to  be  a  defence  of  the  charge,  that 
my  arguments  are  but  few,  and,  negligently  conduced ;  at  the 
concludon  it  is  afferted  to  be  an  anfiver  to  all  my  objections, 
and  fomething  more.  This  language  may  be  that  ot  logical 

precidon 
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precidon  with  Mr.  G.;  but  it  would  have  been  more  intelli¬ 
gible  to  me  if  he  had  dated  the  objeCts  of  his  reply  thus: 

1  ft,  A  refutation  of  Mr.  DPs  arguments  in  favour  of  his 
fyftem. 

2d,  An  anfwer  to  his  objections  brought  againd  mine. 

3d,  New  objections  to  his  fydem. 

The  fird  thing  worthy  of  notice  is  the  objection  to  my  ar¬ 
gument  for  the  mutual  penetrability  of  gafes.  I  have  affumed 
one  podulale  and  taken  tzvo,  and  the  latter  of  them  is  erro¬ 
neous,  namely,  that  all  gafes  are  porous.  It  is  true,  I  have 
taken  two  podulates  into  the  argument,  without  exprefsly 
requiring  both  ;  the  former  being  peculiar  to  my  theory,  was 
neceffarily  demanded  in  a  formal  way  ;  the  latter  being  the 
refult  of  all  experience,  and  never  in  any  one  indance  having 
been  found  to  fail,  I  thought  it  might  tacitly  be  affumed. 
However,  the  judgment  of  philofophers  mud  be  fufpended  on 
this  head,  as  Mr.  G.  it  feems,  is  about  to  prove  that  no  gas 
is  porous,  and  that  a  cubic  foot  of  one  gas  cannot  be  put  into  a 
veffcl  that  is  previoufy  occupied  by  another  gas.  Mr.  G.  furely 
cannot  be  ferious  in  this  objection  ;  but  merely  ufes  it  to  gain 
time,  and  means  to  turn  it  ofif  with  a  laugh,  that  he  has  at 
lead  produced  one  folid  argument  againd  my  airy  hypo¬ 
thesis  . 

Mr.  G.  dnds  it  extremely  convenient  for  his  purpofe,  that 
I  fliould  grant  him  the  following  podulate :  “  If  a  particle  of 
vapour  can  pafs  freely  through  the  air,  a  fecond  can  alfo  fue- 
ceed  it  at  any  given  didance. ”  I  certainly  cannot  concede 
fo  indefinite  a  demand  ;  but  it  will  perhaps  be  of  equal  ufe  to 
him  to  have  the  following :  If  d  be  the  didance  of  two  par¬ 
ticles  of  vapour  of  the  temperature  of  212°,  and  preflure  30 
inches;  then,  at  the  temperature  of  60°  or  upwards,  if  one 
particle  of  vapour  can  pafs  freely  through  the  air,  a  fecond 
may  fucceed  it  at  any  didance  greater  than  4  d. 

As  for  the  important  argument  which  I  condder  equivalent 
to  a  demondration  of  the  nature  of  vapour,  and  of  its  relation 
to  gafes,  and  entirely  inimical  to  the  notion  of  chemical  afii- 
nity,  Mr.  G.  has  not  ventured  to  revive  it  :  Probably  he  has 
fomething  in  referve  on  this  head.  I  mean  the  argument  de¬ 
rived  from  the  faCt,  that  a  vacuum,  or  any  kind  of  air  of 
any  dendty  whatever,  takes  up  juft  the  fame  quantity  of  any 
vapour. 
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The  propofition  refpe&ing  the  mechanical  a&ion  of  air  on  Obfemtions  on 
the  furface  of  water;  will  be  anfvvered  by  Mr.  G.  when  he 
has  proved  that  air  has  no  pores ,  or  no  capacity  for  the  re-  gates. 
ception  of  water.  For,  nothing  can  be  more  clear  than  that; 
whatever  may  be  the  preffure  of  the  atmofphere,  and  how¬ 
ever  few  the  points  of  its  action,  water  cannot  be  forced  into 
the  pores  of  air,  if  it  have  none. 

Air.  G.  proceeds  to  date  two  new  fa6ls,  which  are  faid  to 
be  inexplicable  on  my  principles :  I  mud  undertake  the  ar¬ 
duous  talk.  The  facts  are,  1  ft,  Air  containing  aqueous  va¬ 
pour  is  fpecifically  lighter  than  air  without  it,  cceteris  paribus ; 
and,  2d,  A  bottle  internally  moid,  containing  air,  being  heat¬ 
ed,  more  air  is  expelled  than  if  the  bottle  had  been  dry. 

Both  granted. — Now  for  the  explication.  The  fpecific  gra¬ 
vity  of  aqueous  vapour  has  been  found  by  De  Sautfure,  Watt, 
and  others,  to  be  about  f  or  ~  of  that  of  atmofpheric  air  in 
like  circumdances ;  by  lome  experiments  of  my  own  I  am 
induced  to  think  it  is  nearly  .7,  that  of  air  being  t.  Let  the 
temperature  be  64°,  and  the  air  be  filled  with  vapour  as  much 
as  podible  in  the  temperature,  in  which  cafe  3%  of  the  eladic 
force  will  be  due  to  the  vapour.  (Sec  Manch.  Mem.  Vul.  V. 

P.  2,  page  559) ;  then,  by  the  theorem  fo  elaborately  exem¬ 
plified  in  Mr.  G.’s  former  letters,  we  have  — -X  X-*--  = 


r=  .994,  for  the  fpecific  gravity  of  common  air  filled  with 

vapour  at  64°,  when  that  of  dry  air  of  the  fame  temperature 
would  be  1 .  Thus  it  appears  that  my  hypothefis  not  only  ex¬ 
plains  the  fa<5t  of  diminifhed  fpecific  gravity,  but  accounts  for 
the  quantity  of  diminution.  Can  Air.  G/s  theory  of  chemical 
dilution  do  this  ? 

In  the  fecond  cafe  we  find  heat  generating  vapour,  which 
increafing  in  quantity  and  force  with  the  temperature,  diffufes 
itfelf  through  the  air  in  the  bottle  ;  the  hand  being  occafionally 
removed  from  the  mouth,  differed  the  extra-portion  of  air 
and  vapour  to  dart  out ;  juft  as  if  there  had  been  a  generation 
of  a  like  portion  of  oxigen,  or  any  other  permanent  gas,  in¬ 
dead  of  the  vapour;  in  which  cafe  a  portion  of  both  does 
certainly  efcape.  Mr.  G.  finds  the  vapour  generated  this 
way  between  59  and  126°,  to  be  rather  Iefs  than  4.  of  at- 
Vol.  IX.— December,  1804.  T  mofpheric 
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mofpheric  force;  it  ought  to  be  juft  by  the  table  above 
referred  to.  But  it  is  obvious,  that  by  removing  the  hand 
occafionally,  the  fall  quantity  of  vapour  for  any  temperature 
could  never  be  obtained  in  this  way,  no  more  than  pure  oxigen 
could  be  procured  in  the  bottle  by  a  fimilar  procefs.  The 
grand  queftion  with  Mr.  G.  however,  is.  How  does  vapour 
of  half  an  inch  force,  expand  the  pores  of  air  fubjeCt  to  30 
inches  of  preffure  ?  And  his  anfwer  feems  to  be,  it  is  impoffible, 
according  to  the  axioms  of  dynamics.  This  queftion  is  what 
I  (hall  now  confider. 

Having  myfelf  ftudied  the  principles  of  dynamics,  as  well 
as  thofe  of  many  other  mathematical  and  phyfical  fciences, 
under  the  tuition  of  Mr.  Gough,  I  feel  under  ftrong  obliga¬ 
tion  to  him  ;  but  thefe,  he  will  readily  grant,  do  not  bind 
me  to  fubfcribe  to  his  opinions,  when  I  cannot  perceive  them 
to  be  well  founded.  He  charges  me,  in  the  prefent  inftance, 
with  a  miftake  in  regard  to  dynamics ;  but  he  has  not  pointed 
out  any  particular  axiom  which  I  have  offended  :  The  miftake, 

1  think,  is  with  him,  and  fhall  endeavour,  in  what  follows, 
to  point  it  cfut. 

It  is  a  principle  in  dynamics,  that  whenever  a  fyftera  of 
bodies  a£l  upon  each  other,  and  are  in  a  ftate  of  equilibrium, 
the  leajl  force  imprefted  upon  any  one  difturbs  the  equilibrium. 
Thus,  the  ocean  and  the  air,  though  bound  to  the  earth  by 
its  fuperior  attraction,  are  nevertheiefs  difturbed  by  the  feebler 
influence  of  the  moon.  Air  in  a  bottle  is  a  fyftem  of  particles 
at  equal  diftances  repelling  each  other,  but  in  equilibrium  by 
the  gravity  oi  the  incumbent  atmolphere ;  consequently  the 
kaji  force  imprefted  upon  them  muft  difturb  that  equilibrium. 
Now,  ex  hypothefi,  air  does  not  repel  vapour  at  a  diftance, 
but  only  in  contact ;  therefore  vapour  can  be  formed  in  fuch 
a  fyftem :  when  once  formed,  it  meets  with  no  elaftic  reftft- 
ance  or  repulfton  but  from  particles  of  its  own  kind;  there¬ 
fore  it  is  conftantly  tending  outwards,  where  the  particles  of 
its  own  kind  are  leaft  denfe :  in  its  way  it  infringes  upon  par¬ 
ticles  of  air,  and  exerts  fuch  force  as  it  is  capable  of  upon 
them :  a  number  of  particles  of  air  are  thus  gently  propelled 
in  the  direction  of  the  ftream,  and  the  reft  of  the  fyftem  are 
obliged  to  accommodate  themfelves  in  order  to  prelerve  the 
equilibrium  :  thus  the  diftances  of  the  particles  of  air  are  gra- 
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dually  increafed,  and  that  in  proportion  to  the  force  which 
the  vapour  exerts.  Therefore  vapour  of  the  leaft  poffible  force 
can,  in  fuch  circumftances,  extend  the  pores  of  air.  Q.  E.  D. 

I  remain  your’s, 


Manchefier,  Nov.  15,  1804. 


J.  DALTON. 


XIV. 

►  • 

Some  Account  of  a  Condenfer  of  Forces,  or  a  Metlwd  of  obtain¬ 
ing  the  greateji  poffible  EffeSt  from  a  firjl  Mover ,  of  which  the 
Energy  is  fubjett  to  Increafe  or  Diminution  within  certain 
Limits;  and  in  general  to  vary  at  Pleafure  the  Refinance  to 
which  the  Effort  of  the  firjl  Mover  forms  an  Equilibrium  in 
any  Machine  whatever,  without  changing  any  Part  of  the  Con - 
jlruftion .  By  R.  Pront  * 

THE  problem  of  mechanics,  of  which  the  folution  is  here  Problems  I& 
given,  is  one  of  the  fmall  number  of  thofe  which,  leading  tomec^anic8^ 
refults  independent  of  the  particular  mechanifm  of  the  ma¬ 
chine  to  which  they  are  applied,  prefent,  in  their  folution,  a 
generality  which  may  be  compared  with  that  of  the  rational 
mechanics,  or  analyfis. 

It  may  be  enunciated  in  the  following  terms : 

Any  machine  being  conftru&ed,  to  find,  without  making  enunciated, 
any  change  in  the  conftru£tion,  a  means  of  tranfmitting  to  it 
the  action  of  the  firft  mover,  by  fulfilling  the  following  con¬ 
ditions  ;  viz. 

“  l.  That  it  may  be  poffible  at  pleafure,  and  with  great  Condition!; 
fpeed  and  facility,  to  vary  the  refifiance  (againlt  which  the 
effort  of  the  firft  mover  muft  continually  make  an  equilibrium) 
in  limits  of  any  required  extent. 

“  2.  That  the  refiftance  being  once  regulated,  lhall  be  ri- 
goroufly  conftant  until  the  moment  when  it  is  thought  proper 
to  increafe  or  diminilh  the  fame. 

“  3.  That  in  the  inoft  fudden  variations  of  which  the  effort 
of  the  firft  mover  may  be  capable,  the  variation  in  velocity  of 
the  machine  (hall  never  undergo  a  folution  of  continuity.” 

*  From  the  Bulletin  of  the  Philomathic  Society  at  Paris, 

No.  83. 
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Pioblem  in  dy¬ 
namics  :  To  op- 
pofe  a  conftant 
weight  to  a  va¬ 
riable  fir  ft 
mover,  and 
tranfmit  the 
force,  &c. 


I  lhall  here  apply  the  folution  which  I  have  clifcovered  of 
this  problem,  to  the  dynamic  effect  of  wind  ;  it  will  be  eafy 
to  make  the  fame  general  when  the  other  fir  ft  movers  are  ufed. 

The  fedlion  and  plan  of  the  machine  are  exhibited  in  Plates 
XV.  and  XVI.  O  O  reprefents  the  vertical  arbor  to  which 
windmill  fails  are  adapted ;  eeee  is  an  aftemblage  of  carpen¬ 
try,  of  which  one  of  the  radii  O  e,  bears  a  curved  piece  b  d, 
of  iron  or  fteel :  Vertical  axes  of  rotation  a  a  a,  being  placed 
round  the  axis  O  O,  alfo  divide  the  circumference  in  which 
they  are  found  into  equal  parts. 

Each  of  thefe  axes  carries  a  curve  a  f,  of  iron,  fteel,  or 
copper;  fo  fitualed,  that  when  the  wind  a£ts  upon  the  fails, 
the  curve  b  d  prefles  againtf  one  of  the  curves  af,  and  caufes 
the  vertical  axis  to  which  this  laft  curve  is  fixed,  to  make  a 
portion  of  a  revolution. 

The  curves  b  d  and  a  f  mull  be  fo  difpofed,  that  when  b  d 

* 

ceafes  to  prefs  on  one  of  the  curves  a /,  it  thall  at  the  fame 
inftant  begin  to  a<51  upon  the  following  curve  :  the  number  of 
axes  which  are  provided  with  thefe  curves,  mud  be  deter¬ 
mined  by  the  particular  circumftances  of  each  cafe ;  and  it 
is  alfo  prafticable  to  fubfiitute,  inflead  of  b  d,  a  portion  of  a 
toothed  wheel  having  its  centre  in  the  axis  O  O,  and  to  place 
portions  of  pinions  inflead  of  the  curves  a  f,  but  the  difpoft- 
tions  reprefented  in  the  figure  are  preferable. 

Each  of  the  axes  aaaa  (which  are  all  fitted  up  alike, 
though,  for  the  fake  of  clearnefs,  only  one  of  them  has  its 
apparatus  reprefented  in  the  drawing),  each  of  thefe  carries 
a  drum  or  pulley  ttrr ,  on  which  is  wound  a  cord  that  patTes 
over  a  pulley  p,  and  ferves  to  fupport  a  weight  Q  by  means 
of  the  lever  F  G,  upon  which  this  weight  may  be  Aided  and 
fattened  at  different  diffances  from  the  point  of  motion  G. 

The  fame  axes  a  a  pafs  through  the  pinions  q  q,  to  which 
they  are  not  fixed;  but  thefe  pinions  carry  clicks  or  ratchetts, 
which  bear  againft  the  teeth  rr ;  fo  that,  when  the  weight  Q 
tends  to  rife,  the  ralchett  gives  way,  and  no  other  effect  is 
produced  on  the  pinion  qq,  either  by  the  motion  of  the  axis 
or  of  the  drum  ttrr ,  excepting  that  which  caufes  the  afeent 
of  the  weight  q  q.  But  the  inftant  that  the  curve  or  tooth  b  d 
ceafes  to  bear  againft  one  of  the  curves  af,  after  having 
caufed  the  correfponding  weight  Q  to  rife,  that  weight  Q 
lends  to  redefeend,  and  then  the  toothed  wheel  rr  a&s  againft 

the 
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the  ratchett,  fo  that  Q  cannot  defcend  without  turning  the  Problem  in  dy- 
pinion  qq  along  with  the  drum  ttrr.  So^aVonflant ' 

The  pinion  q  q  takes  in  the  wlieel  ab,  from  the  motion  of  weight  to  a  va- 

which  the  ufeful  effeCt  of  the  machine  immediately  refults:  f0nat)le 

.  ,  J  mover,  and 

that  the  effeCt  of  the  delcent  of  one  of  the  weights  Q,  is  to  tranimit  the 
folicit  the  wheel  A  B  to  motion,  or  to  continue  the  motion  forcc»  &c* 
in  concurrence  with  all  the  other  weights  Q,  which  defcend 
at  the  fame  time.  This  wheel  A  B  carries  beneath  it  oblique 
or  bevelled  teeth  G  D,  which  take  in  a  like  wheel  C  E,  and 
caufe  the  buckets  at  S  to  rife. 

The  alternation  in  the  motion  of  thefe  buckets  may  be  ef¬ 
fected  by  the  mechanifm  I  have  defcribed  in  the  flrft  volume 
©f  the  Memoirs  of  the  Inftitute. 

From  the  preceding  defcription  it  is  feen  that  the  machine, 
being  luppofed  to  llart  from  a  ftate  of  repofe,  the  wind  will 
at  firfl  raile  a  number  of  weights  Q,  fuflicient  to  put  the  ma¬ 
chine  into  motion,  and  will  continue  to  raife  new  weights 
while  thofe  before  raifed  are  fallen ;  fo  that  the  motion  once 
impreffed  will  be  continued. 

Among  the  numerous  advantages  of  this  new  mechanifm  we 
may  remark  the  following  : 

1.  No  violent  fhock  can  take  place  in  any  part  of  the  me¬ 
chanifm. 

2.  The  ufeful  effeCt  being  proportioned  to  the  number  of 
Weights  Q,  which  defcend  at  the  fame  time,  this  effeCt  will 
increafe  in  proportion  as  the  wind  becomes  flronger,  and 
caufes  the  fails  to  turn  with  more  velocity. 

3.  The  weights  Q  being  moveable  along  the  levers  F  G, 
it  will  always  be  very  eafy  to  place  them  in  fuch  a  manner 
as  to  obtain  that  ratio  of  the  effort  of  the  flrft  mover  to  the 
reftftance,  as  fliall  produce  the  maximum  of  effeCt. 

4.  From  this  property  it  refults,  that  advantage  may  be 
taken  of  the  weakeft  breezes  of  wind,  and  to  obtain  a  certain 
product  in  circumflances  under  which  all  other  windmills  are 
in  a  ftate  of  abfolute  inactivity  :  this  advantage  is  of  great 
importance,  particularly  w  ith  regard  to  agriculture  :  the  wind¬ 
mills  employed  for  watering  lands  are  fometimes  inactive  for 
feveral  days,  and  this  inconvenience  is  more  particularly  felt 
in  times  of  drought.  A  machine  capable  of  moving  with  the 
flighted  breeze,  raufl  therefore  offer  the  moft  valuable  ad¬ 
vantages. 


I  fllS}ll 
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I  flaall  give  a  more  ample  account  of  this  apparatus  in  a 
memoir  which  I  (hall  prefent  to  the  Inflitute,  as  foon  as  the 
machine  which  I  am  now  erecting  in  the  country  (hall  be 
completed.  * 


XV. 

Abjlraft  of  a  Memoir  on  the  Poffibility  of  obtaining  Pruffate  of 
Potajh  free  from  Iron;  the  Unalter  ability  of  the  PrtiJJic  Acid 
at  high  Temperatures  ;  and  the  true  Nature  of  the  Combina¬ 
tions  of  this  Acid  with  different  Safes  At  By  Bucholz. 

The  combination  of  pruflic  acid  with  falefiable  bafes,  forms 
decompounds a  c^s  0)^  ^ts  greateft  utility  to  the  analytical  chemift  ; 

for  by  means  of  them  he  is  not  only  enabled  to  afcertain 
whether  a  metallic  fubftance  be  prefent  in  any  folution  which 
forms  the  fubjeft  of  his  refearch,  but  alfo  what  metal  is  pre¬ 
fent,  as  well  as  its  refpedlive  quantity.  But  in  order  to  be 
accurate  in  this  refpeft,  the  re-agent  employed  mull  itfelf  be 
free  from  metallic  admixture ;  or  the  quantity  and  nature  of 
the  metal  it  contains  muft  at  leaft  be  known.  To  accomplifh 
this,  chemifts  have  hitherto  laboured  in  vain.  To  remedy 
thefe  defe6ts,  Mr.  Bucholz  has  inftituted  a  number  of  expe¬ 
riments  which  led  to  facts  hitherto  unknown  ;  and  as  they  are 
highly  important,  we  (hall  exhibit  the  refults  of  the  principal 
ones,  which  are  as  follows : 

*  The  pra&ical  mechanic  may  perhaps  find  it  an  advantage  to  be 
informed,  that  the  whole  effort  of  a  firft  mover  cannot  be  tranf- 
mitted  by  this,  or  any  other  method  of  railing  weights,  in  order  to 
operate  by  their  fall.  If  the  wind  had  been  employed  to  raife  a 
maximum  of  weight  through  a  given  fpace  in  a  given  time,  this 
weight  would  be  lefs  than  would  continue  in  equilibrio  at  reft  againft 
the  fame  force,  as  is  well  known  j  and  if  this  weight  be  again  em¬ 
ployed  in  like  manner  to  raife  another  maximum  of  weight,  this 
alfo  will  be  lefs  than  the  former,  See.  For  this  reafon  it  is  that  the 
fly  has  been  ufed  as  an  equalizer  of  fteam-engines,  in  preference  to 
the  older  method  of  raiftng  water  and  iuffering  it  to  defeend  on  an 
©verfhot  wheel.  W.  N. 

f  Abridged  from  a  memoir  in  Gehlen's  new  Journal  of  Chermf- 
try,  Vol.  I.  Part  IV.  Page  406,  by  —  A. 
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1.  Pruffic  acid  can  only  be  formed  during  the  carboniza- Pruffic  acid  ii 

tion  of  blood  or  animal  matter,  at  a  red  heat :  We,  therefore,  ** 

need  not  be  afraid  of  heating  the  mixture  of  blood  and  alkali, 

in  the  preparation  of  pruffiated  alkalies,  to  incandefcence. 

2.  The  affinity  of  pruffic  acid  with  alkalies  is  greater  at  Its  affinity  witib 
high  temperatures,  and  in  the  dry  way,  than  at  low  tempera- ls  theft 
tures,  and  in  the  humid  way. 

This  obfervation  diftinguifhes  pruffic  acid  from  the  reft  of  AH  other  vege- 
the  fo  called  animal  and  vegetable  acids,  and  their  combina-  JeRroyelf  by^- 
tions  with  alkaline  bafes ;  for  all  of  them  are  deftroyed  at  a  nition. 
red  heat.  Hence  it  is  obvious, 

3.  That  in  the  preparation  of  pruffiated  alkalies,  the  pre- Water  (hould  be 

fence  of  water  ftiould  be  avoided  as  much  as  poffible.  avoided. 

4.  The  diredt  combination  of  pruffic  acid  with  alkalies,  can-  P.  acid  and  alk. 

not  be  accompliffied.  do  not  diredtly 

.  .  combine. 

5.  Pure  pruffiated  alkalies  are  decompofable  by  the  affufion  P.  pruffiated  alk. 

of  water;  part  of  the  prullic  acid  efcapes,  and  may  eafily  be  decompofable  by 
recognifed  by  the  odour  of  bitter  almonds,  and  frequently  alfo 
by  that  of  ammonia. 

6.  The  combination  of  pruffic  acid  with  alkalies  can  only  P.  acid  does  not 
be  effe&ed  at  all  temperatures  up  to  a  red-heat,  by  the  interpofi-  aj^ba”ei0^li;k 
tion  of  a  portion  of  oxide  of  iron  ;  and  the  affinities  confifting  temp,  but  by 
between  the  pruffic  acid  and  alkali,  are  retained  with  a  greater  medium  of  iron, 
force  in  the  humid  way,  in  the  ratio  of  the  ponderable  quan¬ 
tity  of  iron  prefent. 

7.  All  the  precipitates  obtained  in  chemical  analyfis  by  Common  pruf- 

means  of  pruffiated  alkalies  prepared  in  the  ufual  man-  *"iates  contami; 

r  *  *  .  nate  metals  with 

ner,  contain  more  or  lets  iron,  without  exception;  whereas  jron;  pure  p. 

the  fame  precipitates,  produced  by  the  adlion  of  abfolutely  S!ve  a  different 

pure  pruffiates,  are  free  from  that  metal,  and  of  a  different 

colour  than  the  former. 

8.  The  affinity  of  oxide  of  iron  to  charcoal,  is  more  power-  Moft  of  the 
ful  than  the  joint  attraction  of  pruffic  acid  and  potaffi  to  that iron  Patent  re- 
metal  ;  hence  we  always  find  that  the  greateft  quantity  of  coaq^hen  p. 
that  metal  remains  behind  with  the  charcoal,  in  the  ufual  alk.  is  made, 
procefs  for  obtaining  pruffiate  of  potaffi. 

9.  The  precipitability  of  the  oxides  of  metals  by  pruffiated  Metals  are  pre¬ 

alkalies,  is  in  the  ratio  of  their  oxidability,  or  quantity  of cip.  by p.  alk.  in 
oxigen  they  contain.  the  order  of  oxi- 

o  /  £cnntiO]i# 

Such  are  the  obfervations  of  this  chemift.  Other  lefs  in- 
terefting  facts  will  be  omitted  in  the  prefent  abftraft. 

Experimental 
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Preparation  of 
prufliate  of  al- 
Icali,  pure. 

.Low  ignition  of 
dried  biO  >d  and 
potafli,  and  fo¬ 
lution  by  water. 


The  fait  was 
treated  with  ace¬ 
tic  acid  and  alco¬ 
hol. 


Very  little  pruf- 
fiate,  and  not 
feparable  from 
the  carbonate  by 
thofe  agents. 


Lefs  of  blood 
was  then  ufed 
in  the  ignition. 


i 

Great  evolution 
of  ammonia. 

*  *  *  •  t  t 


The  fubcarbon- 
ate  and  prufliate 
not  feparable  by 
alcohol  and 
acetic  acid, 


Experimental  Enquiries  concerning  tlie  hefi  Method  of  preparing 
Prujfiate  of  Eotajh  free  from  Iron . 

Four  oz.  dried  blood  were  intimately  mixt  with  a  folution 
of  polafh  (containing  one  ounce  of  potafli),  then  evaporated 
to  drvnefs,  ignited  to  rednefs,  t?ll  no  more  flame  undulated 
at  the  furface  of  the  ignited  mafs.  The  ignited  mafs  was 
diffufed  through  fix  ounces  of  water,  and  the  folution  filtered. 
The  filtered  fluid  was  colourlefs,  it  contained  an  excefs  of 
alkali,  and  emitted  a  ftrong  odour  of  bitter  almonds.  It 
yielded,  on  being  evaporated  as  expeditioufly  as  poflible,  a 
laiine  mafs,  confiding  of  a  mixture  of  prufliate  and  fub-car- 
bonate  of  potafli.  In  order  to  feparate  thefe  two  falts,  one 
drachm  of  the  laiine  mafs  was  introduced  into  a  vial  con¬ 
taining  a  mixture  of  half  an  ounce  of  highly  concentrated 
alcohol  and  half  a  drachm  of  acetic  acid,  of  1,056  fpec.  grav. 
On  agitating  the  fluid  no  fenfible  effervefcence  took  place, 
but  much  pruflic  acid  was  difengaged;  a  proof  the  pruflic 
acid  was  retained  with  a  lefs  affinity  by  the  alkali  than  the 
carbonic  acid.  On  examining  the  refidue,  which  had  been 
treated  with  acetic  acid  and  alcohol,  it  was  found  to  contain 
only  a  fmall  portion  of  prufiiated  alkali. 

From  this  experiment  we  learn,  that  one  part  of  potafli 
cannot  be  converted  into  prufliate  of  potafli,  by  being  heated 
to  rednels  with  four  of  blood  ;  and  that  the  quantity  of  either 
free  or  carbonated  alkali,  under  thefe  circum fiances,  can¬ 
not  be  feparated  from  the  prufiiated  potafli  by  means  of 
acetic  acid  and  alcohol. 

In  order  to  learn  if  a  lefs  quantity  of  blood  would  not  be 
more  advantageous  for  the  produdlion  of  pure  prufliate  of 
potafli,  four  ounces  of  dried  blood,  and  two  of  carbonate  of 
potafli,  were  heated  to  rednefs  in  a  crucible  till  no  more  flame 
appeared.  On  covering  the  mixture  with  charcoal  powder, 
and  again  heating  it,  a  prodigious  evolution  of  ammonia  took 
place;  a  phenomenon  I  do  not  venture  to  explain.  The 
mafs,  after  having  been  diflufed  through  water,  filtered  and 
evaporated,  yielded  a  crop  of  cryflals,  confiding  of  prufliate 
and  fub-carbonate  of  potafli,  the  former  predominating  con- 
fiderably. 

On  fubjetting  this  mixture  of  falts  to  the  joint  a£lion  of 
acetic  acid  and  alcohol,  it  was  found  impoflible  to  feparate 
the  prufliate  of  potafli  from  the  fub-carbonate. 

Being 
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Being  thus  perfuaded  that  a  lefs  quantity  of  blood  was  not  Blood  nd  alkali, 

more  advantageous  for  forming  pure  pruffiate  of  potatli,  I  ^‘n^h^n^e;c" 

again  mingled  two  ounces  of  dried  blood  with  one  of  carbon-  ly  ignited  \ or 

ate  of  potatli :  this  mixture  was  treated  as  before,  with  th  thl^  quaiter^of 

exception  that  the  mafs,  after  the  flame  had  entirely  difap- 

peared,  was  firongly  ignited  for  three  quarters  of  an  hour. 

The  obtained  mats,  after  refrigeration,  weighed  nine  drachms. 

Digefled  cold  with  four  ounces  of  water,  and  filtered  and 

evaporated,  it  afforded  a  dark  coloured  fluid.  On  dropping  The  fluid  of  fo- 

into  a  confiderable  quantity  of  muriatic  acid,  no  blue,  but  a  ^u^on  ^a.s 

white  precipitate  fell  down,  which  was  infoluble  in  muriatic  ibme  iron, 

acid  :  Acetic  acid  occafloned  no  change  in  this  dark-coloured  though  very 

n  little* 

fluid  ;  and  on  mingling  it  with  fulphuric  acid,  and  evapo¬ 
rating  the  mixture  to  drynefs,  and  re-difl'olving  the  mafs  in 
water,  it  yielded  a  fmall  quantity  of  pruflian  blue;  a  proof 
that  iron  wras  prefent  in  this  fluid. 

The  quantity  of  iron  being  very  fmall,  but  the  colour  of 
the  fluid  very  dark  when  compared  with  thofe  of  the  former 
precedes,  it  was  natural  to  fuppofe,  that  the  colouring- 
matter  could  not  be  attributed  to  the  minute  quantity  ot  iron 
prefent,  but  that  perhaps  a  portion  of  cha  coai  wa>  diiTolved 
in  the  fluid  :  to  inveftigate  which  the  following  experiments 
were  inftituted  : 

A  like  quantity  and  like  proportions  of  blood  and  carbonate  Repetition  of  the 

of  potafli,  as  dated  lad,  wrnre  gradually  heated  to  i ncandef-  / ^ n 

cence,  and  the  fire  gradually  augmented,  until  the  mafs  began  mafs. 

to  fu/e  on  the  fldes  of  the  crucible.  The  mats,  after  having 

been  diffufed  through  water  and  fibered,  yielded  a  much 

darker-coloured  fluid,  which,  w'hen  mingled  with  muriatic 

acid,  yielded  a  pearl-colourej  precipitate.  After  being  mixt 

with  muriatic  or  fulphuric  acid,  evaporated  and  rediflblved 

in  water,  it  afforded  a  confiderable  quantity  of  oxide  of  iron; 

a  proof  that  the  union  of  the  pruflic  acid  with  potafn  is  perma-  The  prufiic  acid 

nent  at  very  high  temperatures,  but  that  this  combination,  rerryins  united 
r-n  ‘ r  n  a-  .  W)th  alk.  at  very 

under  luch  circumflances,  exerciies  a  ltrong  action  upon  the  high  temp,  and 

oxide  of  iron  contained  in  the  blood.  *fkes  ircm 

Thefe  facts  were  proved  by  repeating  this  experiment,  but  Lefs  oxl’de taken 

taking  care  to  expofe  the  mafs  to  a  fomew'hat  lefs  degree  of  up  by  lets  heat. 

heal.  The  fluid  now  obtained  was  lefs  coloured,  and  yielded 

lefs  oxide  of  iron. 


This 
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Experiments 
with  pure  alkali. 


Low  heat  pro¬ 
duced  little  com¬ 
bination  of  p. 
acid  and  the  al¬ 
kali. 


Exp.  to  deter¬ 
mine  the  propor¬ 
tions  of  carbon¬ 
ate  and  blood  re- 
quifite  to  pro¬ 
duce  the  prufii- 
ate,  &c. 

The  experi¬ 
ments  with  low 
heat. 

4  oz.  blood  and 
I  alk.  carb. 


Product  very 

little. 

% 

2  oz.  blood, 

I  carb.  alk. 
low  heat. 
Product  not  in- 
creafed. 


This  being  proved,  the  author  varied  his  experiments,  fo 
as  to  be  thoroughly  convinced  of  the  fafts.  He  alfo  endea¬ 
voured  to  afeertain,  whether  alkalies,  freed  from  carbonic 
acid,  were  better  calculated  for  the  production  of  prufliated 
alkali;  and,  if  poflible,  to  find  out  the  proper  proportions  of 
ingredients  for  obtaining  this  fait.  With  that  view,  a  quan¬ 
tity  of  folution  of  potafh,  containing  one  ounce  of  alkali  freed 
from  carbonic  acid,  was  mixt  with  three  ounces  of  blood, 
and  evaporated  to  drynefs.  (It  was  of  a  colophony  colour, 
foluble  in  water,  and  emitted,  on  being  heated,  a  very  ftrong 
odour  of  ammonia).  On  being  transferred  into  a  crucible, 
and  gradually  heated  till  no  more  flame  appeared,  and  diffufed 
through  four  ounces  of  water,  it  yielded  a  limpid  fluid,  of 
a  firong  alkaline  tafle,  and  odour  of  bitter  almonds.  The 
ulual  experiments  proved,  that  it  contained  comparatively 
little  prufliated  alkali,  but  a  large  quantity  of  carbonate  of 
potafh. 

Being  thus  convinced  that  this  experiment  proved  fruitlefs, 
it  was  deemed  neceflary  to  afeertain  the  refpe&ive  quantity 
of  oxide  of  iron  contained  in  the  prufliated  alkali,  that  might 
be  produced  from  a  given  quantity  of  blood  and  carbonate  of 
potafh. 

With  that  view,  four  ounces  of  dried  blood  were  mixt  with 
a  folution  of  carbonate  of  potafh,  containing  one  ounce  of 
carbonated  alkali :  the  mixture,  after  being  evaporated  to 
drynefs,  was  heated  till  the  flame  ceafed  to  appear.  It  no\f" 
weighed  \\  oz.  On  being  elixiviated  with  eight  ounces  of 
water,  it  afforded  a  fluid  of  a  very  pale  yellow  ilh  brown,  or 
wine  colour :  Its  tafle  was  alkaline,  mixt  with  that  of  bitter 
almonds.  Two  drachms  of  water  mixt  with  20  drops  of  a 
concentrated  lolution  of  muriate  of  iron,  when  decompofed 
by  this  prufliated  alkali,  afforded  four  grains  of  pruifian  blue, 
flript  from  the  adhering  oxide  of  iron  by  muriatic  acid. 

Two  ounces  of  dried  blood  and  one  of  carbonate  of  potafh, 
treated  in  a  fimilar  manner,  yielded,  by  being  mingled  with 
a  like  quantity  of  muriate  of  iron,  grains  of  pure  prufiian 
blue. 

(The  Remainder  in  our  next.) 


Obft  nations 
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XVI. 

Obfcrvatiom  on  the  Caufe  which  augments  the  Intenfity  of  the 

Sound  in  Speaking  Trumpets,  By  J.  H.  IIassenfratz  *. 

Although  the  fpeaking-trumpet  is  an  inftrument  which  Antiquity  of  th t 
has  been  long  known,  fince  Kircher  is  of  opinion  that  Alex- ^akins  uum* 
ander  ufed  it  to  command  his  army,  and  Solard  made  one  in 
Paris,  in  1654,  from  the  defcription  which  Kircher  had  given 
of  that  of  Alexander,  it  was  not,  however,  until  1671,  when 
Morland  made  known  that  which  he  had  conftru&ed,  and  in-  Morland'*. 
vited  men  of  fcience  to  determine  the  figure  moft  proper  for 
this  inftrument,  that  the  fpeaking-trumpet  wras  really  known 
among  us,  and  began  to  be  ufed. 

It  appears  that  Morland  did  not  adopt  the  conical  form  ter¬ 
minated  by  a  mouth  piece,  which  he  gave  to  the  fpeaking  trum¬ 
pets  of  glafs,  iron  and  copper,  he  made  until  after  a  fucceftion 
of  trials  on  the  beft  form  to  be  given  to  them,  to  make  them 
produce  articulate  founds. 

It  alfo  appears  that  it  was  without  knowing  it,  and  by  chance,  Caflegraln’s, 
that  Caftegrain  gave  the  fpeaking  trumpet,  which  he  made  in 
1672,  the  hyperboloidal  form  firft  noticed  by  Sturm. 

Until  1719,  when  Hade  publilhed  a  diftertation  on  the  im-  Were  at  firft 

conftrudted 
without  known 

ftru&ed  without  principles;  for  we  neither  can  nor  ought  to  principles, 
conftder  as  principle,  the  harmonic  proportion  mentioned  by 
Caftegrain  as  being  neceftary  between  the  length  and  the  width 
of  the  tubes  of  fpeaking  trumpets. 

The  law  of  the  reflection  of  found  in  echoes,  led  Hafte  to  Hafie’s  theory 
apply  the  theory  of  catoptrics  to  fpeaking  trumpets,  and  in-  ^5^  ^™een* 
duced  him  to  conftder  the  combination  of  the  ellipfoidal  and  intenfity  of 
paraboloidal  forms  as  the  moft  advantageous  for  this  inftrument :  f°und  in 
but  this  union  not  producing  the  effeCt  which  the  profeflor  of 
Wirtemberg  had  hoped  for,  it  was  abandoned,  and  in  conform¬ 
ity  with  his  opinion,  the  augmentation  in  the  intenlity  of  the 
found  continued  to  be  conftdered  as  the  produCI  of  the  reflec¬ 
tion  of  the  fonorous  rays  in  the  fpeaking  trumpet,  and  of  the 
vibration  of  the  fubftance  of  which  it  was  compofed.  It  was 
for  this  reafon  that,  in  the  fabrication  of  thefe  inftruments,  the 

•  From  Annales  de  Chimie,  Praireal,  An.  XII. 

attention 


provement  of  fpeaking  trumpets,  this  inftrument  wras  con- 
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attention  was  directed  to  having  a  hard,  eladic  and  thin  fub- 
dance,  that  it  might  vibrate  in  unifon  with  all  the  tones,  and 
reflect  the  tonorous  rays  which  druck  it  in  all  directions. 
Lambert’s  In  1763,  Lambert  withdrew  from  the  theory  of  fpeaking 

ihrc.ovy\  .  .  trumpets,  the  vibration  of  the  materials  of  which  they  are  com- 
the  articulation  pofed :  he  (bowed  (hat  the  vibration  of  the  tides  which  is  cal- 
et  the  iounds.  culated  lo  augment  the  intentity  of  a  long  continued  found, 
would  render  articulate  founds  confufed,  which  mutt  fucceed 
each  other  rapidly  ;  that  in  this  cafe  therefore  it  would  be  ne- 
cefl'ary  to  fpeak  extremely  flow,  and  that,  ever,  by  fpeaking 
flowly,  it  would  be  impoflible  to  diflinguifh  the  confonants, 
which  are  only  momentary  modifications  of  the  vowels;  that 
the  latter,  pronounced  in  the  trumpet,  would  be  fo  fonorous, 
that  the  confonants  mufi  be  guefled  at,  which  would  be  ex- 
Speaking  trum-  tremely  difficult.  By  fprinkling  the  exterior  furface  of  a  tin 
pets  do  vibrate,  f peaJ^i n cr.. t r u m pe t  with  faw-dufl,  I  fatisfied  myfelf  that  the 

equally  ftrong  furface  vibrated  in  fome  circumftances,  but  I  was  equally  fa- 
when  the  vibra-  tisfied,  on  covering  the  outfide  of  the  trumpet  with  a  foft  loofe 
pie  ftuff  to  flop  and  obdruCt  its  vibrations,  that  the  intenflty  of 
the  found  was  no  lefs  ftrong,  in  this  fecond  cafe,  and,  that 
thus  the  vibration  of  the  fubftance  of  the  trumpet  was,  at  lead, 
ufelefs,  if  it  was  not  injurious  to  the  didin&nefs  of  articulated 
founds. 

In  his  memoir,  publiflied  among  thofe  of  the  Academy  of 
Berlin,  for  the  year  1763,  Lambert  has  attributed  all  the  aug¬ 
mentation  of  the  intentity  which  the  found  experiences  by 
fpeaking  into  a  trumpet,  to  the  reflection  of  the  fonorous  rays 
on  the  fmooth  and  poli  filed  furface  of  the  interior  of  this  inftru- 
ment;  he  fays  that,  of  all  the  forms,  that  bed  calculated  to 
concentrate  the  found  by  reflecting  it,  and  the  mod  eafy  to 
Proportions  of  a  con druct,  is  the  conic  form:  he  afterwards  fliows  that  the 
^ound  *s  drengthened  in  conical  fpeaking  trumpets,  in  the  pro¬ 
portion  of  double  the  length  of  the  cone  which  forms  the  trum¬ 
pet  to  double  the  (ize  of  half  the  angle  at  the  fummit  of  the 
cone,  flipping  the  length  of  the  cone  to  be  equal  to  the  ra¬ 
dius,  If  the  angle  of  the  cone  is  made  =  <?>,  the  found  is 

drengthened  in  the  proportion  \/  2  :  2  (fin.  \  ?). 

Seeking,  from  thefe  formulae,  to  difcover  what  would  be 
the  beft  proportions  to  give  to  conical  fpeaking  trumpets,  he 
found  that  whatever  the  angle  of  the  fummit  of  the  cone  was, 
its  bafe  mud  be  equal  to  the  didance  between  the  fummit  of 

the 
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the  cone  and  the  mouth  of  it,  and  that  its  length  muft  be  equal 
^o  the  diameter  of  the  mouth,  divided  bv  four  times  the  tquare 
of  the  fine  of  half  the  angle  of  the  cone  :  that  thus  in  a  trum¬ 
pet  of  fix  feet  in  length,  the  angle  of  the  cone  muft  be  16°  17, 
and  that  fuch  a  fpeaking-trumpet  would  make  the  found  96* 
times  more  intenfe. 

Lambert  therefore,  as  well  as  thofe  who  have  preceded  him, 

confidered  the  augmentation  of  the  intenfity  of  the  found  in 

fpeaking  trumpets,  as  the  refult  of  the  aCtion  of  the  reflection 

of  the  fonorous  rays  againftthe  interior  fides  of  the  inftrument. 

It  would  appear  that  fince  Lambert’s  memoir,  fpeaking  Thefe  Inftru- 

trumpets  have  been  made  ufe  of,  without  attending  to  the  mentshave  lat- 
r  #  ,  °  terly  been  con- 

caufes  which  augment  the  intenfity  of  the  found,  and,  in  faCt,  ftrufted  without 

it  is  feen  that  in  all  works  in  which  this  inftrument  is  fpoken  of,  atte”dinf  t0  the 
*  tY'  -i  i  •  i  ,  chutes  of  the 

its  effects  are  attributed  either  to  reflection  alone,  or  to  reflec-  increafe  of 

tion  combined  with  the  vibration  of  the  fubftance  of  which  it  found. 

is  formed. 

If  we  compare  the  theory  of  fpeaking  trumpets  with  that  of  Theory  of  fpeak- 
the  inftrurnents  which  have  fome  refemblance  to  it,  fuch  as  ©ther^ inftai- 
trumpets  and  hunting  horns,  we  muft  beaftonifhed  to  find  thatments. 
they  are  referred  to  different  principles.  In  the  fpeaking  trum¬ 
pet,  the  caufe  is  attributed  to  the  reflection  of  the  found;  in 
the  other  inftrurnents  to  the  vibration  of  the  air  contained  in  the 
tube.  Why  thefe  two  caufes,  while  the  efFeCls  are  analogous? 

This  analogy  has  led  me  to  inquire  if,  in  reality,  the  reflection  Does  refle&ioa 
produced  the  augmentation  of  the  intenfity  of  articulation  in 
horns  and  acouftic  tubes,  as  well  as  in  fpeaking-trumpets,  as  is  found  ? 
generally  believed. 

On  examining  the  ears  of  animals,  it  is  feen  that  the  great-  Animals  do  not 

eft  number  have  an  exterior  auricle,  which  moll  of  them  di-  llle  re" 

flection  of 

reCt  towards  the  place  from  which  the  found  proceeds;  this  found, 
auricle  being,  in  many  animals,  covered  inwardly  with  hair, 
which  flops  and  hinders  the  reflection  of  the  found,  it  is  rea- 
fonable  to  conclude  that  it  is  not  by  reflection  that  the  found  is 
Iranfmitted  into  the  ear. 

When  afterwards  we  obferve  the  form  given  to  acouftic  horns,  Ear-trumpets 
which  is  that  of  a  cone,  the  fummit  of  which,  liightly  trun-  d°  n°c 
cated,  is  placed  in  the  ear,  we  are  quickly  led  to  conclude  that  reflection, 
the  found  is  not  tranfmitted  by  reflection ;  for  the  angle  of  the 
incident  ray  being  increaied  at  each  reflection  by  that  of  the 
«one,  after  a  number  of  determinate  reflections,  the  angle 

would 
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would  become  larger  than  a  right  angle,  and  the  ray  would  re- 
turn  upon  itfelf.  Thus  the  greateft  number  of  the  rays  would 
iffue  out  of  the  mouth,  after  being  feveral  times  reflected,  and 
the  quantity  of  the  rays  which  thus  reach  the  ear,  and  which 
are  proportional  by  lefs  numerous  as  the  cone  is  longer,  cannot 
fenfibly  augment  the  intenfity  of  the  found.  Neverthelefs, 
acouftic  horns  do  ftrengthen  the  found  confiderably ;  this  aug¬ 
mentation  muft  therefore  depend  on  another  caufe. 

It  has  been  propoled  to  make  horns  of  a  paraboloidal  form,  as 
being  beft  calculated  to  tranfmit  found  by  reflection;  but  whe¬ 
ther  they  did  not  produce  the  effeCt  which  was  expeCted  from 
them,  or  that  they  were  too  difficult  to  conftruct,  thefe  horns 
have  been  abandoned,  and  none  but  conic  horns  are  made 
ufe  of.  ' 

The  acouftic  tubes  employed  to  tranfmit  the  found  to  great 
diftances,  fo  that  it  cannot  be  heard  by  perfons  placed  between 
the  two  extreme  points,  are  ufually  formed  of  cylinders,  which 
ferve  to  conduct  the  found.  Lambert  had  already  ftated  that 
reflection  did  not  increafe  the  intenfity  of  found  in  cylinders, 
becaufe  whatever  might  be  the  direction  of  the  incident  rays, 
being  conftantly  refle&ed  between  two  parallels,  the  angle 
which  they  form  with  the  axis  of  the  cylinder  muft  be  the  fame 
at  entering  and  quitting  it;  that  thus  the  found  muft  experi¬ 
ence  a  diminution  at  its  iffue,  which  will  be  fo  much  the  greater 
as  the  number  of  reflections  is  more  conftderable.  Never- 
thelels  the  found  is  tranfmitted  to  a  great  diftance  by  means  of 
thefe  tubes,  and  I  have  ascertained  that  the  beating  of  my 
watch,  which  ceafes  to  be  audible  at  the  diftance  of  1*.  10, 
the  medium  of  Seven  experiments  (A),  is  heard  at  the  dif¬ 
tance  of  2mk25,  the  mean  diftance  of  Seven  experiments  (A) 
when  I  place  it  in  the  mouth  of  a  pafteboard  tube,  0“.  038  in 
diameter  and  Om.  6  in  length  ;  whence  it  follows  that  this  tranf- 
miffion  muft  proceed  from  another  caufe. 

All  thefe  confiderations  have  therefore  induced  me  to  ex¬ 
amine  the  effeCls  of  the  fpeaking  trumpet  with  the  greateft 
care.  It  follows  from  the  theory  of  the  reflection  of  found, 
applied  by  Lambert  to  the  fpeaking  trumpet,  that  the  opening 
by  which  it  is  ufually  terminated.  Should  be  at  leal!  ufelefs,  if 
not  injurious,  for  it  has  no  influence  on  the  concentration  of 
the  reflected  rays;  and  therefore  this  gentleman  propofed  to 
lay  it  aftde  entirely.  The  analogy  of  form  between  the  trum¬ 
pet 
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pet  and  the  fpeaking  trumpet  not  being  a  fufficient  reafon  for 
retaining  it,  it  is  probable  that  it  would  have  been  laid  afide, 
in  the  lame  manner  as  the  contour  of  the  trumpet  was  aban¬ 
doned,  when  the  form  and  dimenfions  molt  fuitable  to  this  in- 
ftrument  were  fought  for  by  experimental  trials.  There  would 
alio  have  been  another  inducement  todilpenle  with  it,  becauie 
Hafle  had  already  omitted  it  in  the  fpeaking  trumpet  which 
he  indicated  as  preferable  to  thofe  of  Morland  and  CatTegrain. 

I  ascertained  by  experiment  that  two  fpeaking  trumpets  of  the  Which  is  con- 

fame  length  and  the  fame  diameter  produced  different  effects  ^r^t0  exPPQ* 

when  they  were  terminated  by  an  enlarged  aperture  or  not, 

and  that  in  general  this  enlargement  confiderably  increafed  the 

intenfity  of  the  found.  The  beating  of  my  watch  which  I 

heard  at  4m.  2,  the  mean  di fiance  of  feven  experiments  (a) 

by  placing  it  at  the  mouth  of  a  fpeaking  trumpet  of  0ro.  6  long 

and  0m.  38,  mean  diameter  of  the  tube,  was  not  heard  beyond 

2m.  2 5,  mean  diftanceof  feven  experiments  (a)  when  I  placed 

it  in  a  tube  of  the  fame  length  and  the  fame  diameter.  Thus 

the  caufe  which  occalions  this  aperture  to  (Lengthen  the  fooner 

is  different  from  the  reflection  of  the  fonorous  rays. 

Since  the  reflection  of  found  does  not  in  any  manner  concen-  This  is  further 
trate  the  fonorous  rays  in  a  cylindrical  tube,  it  muft  follow,  as  Proved  by  the 
Lambert  has  concluded  in  his  Theory  of  Reflection,  that  fpeak-  augmented  m 
ing  trumpets  with  cylindrical  tubes  fliould  notfenfibly  augment  fPea^inS  trum* 
the  found.  To  prove  whether  experiment  agreed  with  this  dricartubesV1^* 
theory,  I  immediately  conftruCted  a  fpeaking  trumpet,  with  a  ftrongly  as  in 
cylindrical  tube  of  0*.  36,  the  length  of  the  cylinder,  Om.  25,^°^^*  com" 
the  length  of  the  enlarged  part,  0*.  035,  the  diameter  of  the 
cylinder,  and  0m.  190,  the  greatefl:  diameter  of  the  enlarged 
part,  and,  by  comparing  the  intenfity  of  the  found  which  it 
produced,  with  that  of  a  conical  fpeaking  trumpet  of  the  fame 
height,  and  of  a  fimilar  mean  diameter,  I  afcertained  that  the 
flrength  of  the  found  was  fenfibly  the  fame.  In  both,  the  beat¬ 
ing  of  my  w-atch,  which  I  did  not  hear  in  the  open  air  beyond 
]m.  08,  mean  diflance  of  five  experiments  (b)  was  heard  at 
3m.  94,  mean  diftance  of  five  experiments  (b )  when  1  placed 
it  at  the  mouth  of  either  fpeaking  trumpet.  Since  the  cylin¬ 
drical  fpeaking  trumpet  (Lengthens  the  found  in  the  fame  man¬ 
ner  as  that  which  is  conical,  and  flnce,  on  the  contrary,  the 
theory  of  reflection  fhows  that  it  fhould  not  be  ftrengthened, 
it  follows  that  the  augmentation  of  found  in  thefe  infLuments 
arifes  from  a  caufe  different  from  reflection. 
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The  intensity  of  One  decifive  experiment  remained  to  be  made  with  thefe  in» 
fcffenrd^Vde006  ^rumenfs>  this  was  to  deflroy  and  to  reflorc  the'  action  of  the 
ftroying  .he  re-  reflection  in  a  fpeaking  trumpet,  fuppofing  it  to  take  place, 
reflection  by  and  to  compare  the  intenfity  of  the  found  obtained  in  thefe 

means  of  an  ,  r  •  ,  ,  .  c  , 

internal  woollen  two  circumfiances,  in  order  to  determine  the  proportion  ot  the 

covering,  effect  produced  by  this  reflection.  I  confequenfly  procured  a 

(peaking  trumpet  of  woollen  duff,  which  I  placed  within  one 
of  tin,  and  T  obferved  that  the  intenfity  of  the  found  obtained 
with  or  without  the  fluff  in  the  infide,  was  fenfibly  the  fame; 
whence  it  follows  that  the  reflection  has  no  appreciable  influ¬ 
ence  on  the  augmentation  of  found  in  a  fpcaking  trumpet. 

1  have  faid  that  the  intenfity  of  the  found  was  fenfibly  the 
fame;  neverthelefs  I  inufl  obferve  that  it  was  diminiflied;  for 
the  beating  of  my  watch,  placed  in  the  mouth  ot  the  bare 
fpcaking  trumpet  was  heard  at  a  clifiance  of  3m.  94,  mean  of 
five  experiments  (l> )t  while  when  placed  in  the  mouth  of  the 
fame  infirunient  covered  in  the  infide  with  the  fluff,  it  was  not 
heard  beyond  2m.  48.  This  difference,  which  at  the  moment 
might  be  fuppofed  toarile  from  the  reflection  of  the  found  tak¬ 
ing  place  in  the  one  cafe,  and  not  in  the  other,  feems  to  de¬ 
pend  folely  on  the  diminution  of  the  diameter  of  the  cylinder 
of  the  fpeaking  trumpet  and  of  the  enlarged  parts  occafioned 
by  the  fluff  placed  within  them:  I  fatisfied  myfelf  that  the 
fpeaking-trumpet  which  I  made  ufe  of  (b),  preferring  all  its 
dimenfions  and  experiencing  no  difference  except  in  the  diam- 
'  eter  of  the  tube,  produced  a  diminution  in  the  intenfity  of 
the  found,  whenever  a  fmaller  diameter  was  made  ufe  of; 
thus,  in  the  fpeaking  trumpet  already  mentioned  (b),  the  beat¬ 
ing  of  my  watch  was  heard  at  a  difiance  of  3m.  9  V,  when  the 
diameter  of  the  tube  wfas  0m.  03.5 ;  it  was  not  heard  beyond 
3m.  08,  when  the  tube  was  only  0m.  032  ;  finally,  it  was  not 
heard  beyond  2m.  34,  when  the  tube  was  ()“.  028.  It  is  evi¬ 
dent,  therefore  from  thefe  experiments,  that  the  diminution  in 
the  intenfity  of  the  found  by  covering  the  inferior  of  a  fpeak¬ 
ing  trumpet  with  fluffs,  arifes  from  the  diminution  of  the  di¬ 
ameter  of  its  tube. 

The  diminution  I  fliould  obferve  that  if  the  internal  fluff  occafionsan  incon* 

m  the  intenhty  f1(Jerable  diminution  in  the  intenfity  of  (lie  found,  it,  on  the 
of  the  found  is  J 

compenOted  by  other  hand,  produces  a  great  advantage  by  rendering  the  arti- 
its  clearnefs.  culated  lounds  clearer  and  lefs  confufed. 

Genera!  con-  If  follows  from  all  which  has  been  fhewn  on  the  auricles  of 
elutions,  animals,  on  horns,  and  acouftic  tubes,  and  on  fpeaking  trum¬ 

pets, 
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pels,  that  the  augmentation  of  found,  in  every  circumftance, 
is  not  owing  to  the  reflexion  of  fonorous  rays,  confequently 
there  exifts  no  reafon  for  feparating  the  caufe  which  augments 
the  found  in  thefe  inftruments,  from  that  which  flrengthens  it 
in  trumpets  and  hunting  horns;  that  the  different  founds  pro¬ 
duced  in  the  two  cafes  are  owing  to  the  vibration  of  the  air  in 
the  tubes,  and  their  ftrengths  or  their  intenfities,  to  the  aug¬ 
mentation  of  the  amplitude  of  their  vibration,  arifing  from  the 
greater  impulfe  which  the  air  neceffarily  receives  when  it  is 
enclofed  in  a  tube. 

Experiment  (A). 

The  tubes  and  the  Ipeaking  trumpet  of  pafleboard. 

The  interior  diameter  of  the  tube  of  the  fpeaking  trumpet  is 
0m.  038,  that  of  the  exterior  diameter  of  the  enlarged  part  ==r 
Om.  210.  The  length  of  the  tube  =  Om.  4,  and  the  length  of 
the  enlarged  part  Q1D.  2. 


Diftance  at  which  the 
beating  oh  the 
watch  was  heard. 

With  a  tube  ot  the 
length  of 

The 

fpeaking 

trumpet. 

Without 
tube  or 
fpeaking 
trumpet. 

Obfervations. 

m. 

0.4 

m. 

0.6 

m. 

o.io 

The  great  differ¬ 
ence  between 
thefe  experi¬ 
ments  arifes, 
i  ft,  from  the 
difpofition  of 
the  organ 

2d,  from  the 
greater  or  lefs 
noile  produced 
in  the  neigh¬ 
bourhood  of 
the  place  where 
the  experi¬ 
ments  were 
made. 

1.33 

2.24 
2. 16 
1.33 

1.92 

1.58 

2.54 

1.66 

2.90 

2.66 

1.79 

1.95 

2.16 

2.66 

2.33 

3.33 
3.33 
1.85 
2.00 
2.66 
3.17 

4.00 

4.66 
5.00 
3-00 
5.00 

3.66 
4.00 

1 .00 
1.16 
1.33 
0.83 
1.33 
1.00 
1.00 

Mean 

12.86 

15.78 

18.67 

29.33 

7.65 

1.83 

2.25 

2.67 

4.20 

1.10 

Experiment  (B). 

The  fpeaking  trumpet  was  of  tin,  as  well  as  the  tubes. 

The  interior  diameter  of  the  tube  of  the  fpeaking  trumpet 
=  0m.  035,  that  of  the  exterior  diameter  of  the  en?arged  part 
=  0m.  290,  the  length  of  the  tube  =  Qm.  3d,  and  that  of  the* 
enlarged  part  =  0.25. 
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©ifcorery  of  a 
new  fubftance 
in  tun^ftein. 


Where  found. 


With  an 

internal  diameter  of 

Without 

•  • 

• 

fpeakin^ 

m. 

m. 

m. 

trumpet 

0.035 

0.032 

0.028 

or  tube. 

r1  ’-to  m 
u  C  ci 

m. 

-6  tn  ^ 

>  C  r* 

4.88 

3.58 

2.76 

1.48 

3.58 

2.93 

2.28 

0.97 

cj  ja  k  • 

.  j 

3.25 

2.7  6 

2.28 

1.30 

i:  u  «  « 
<2  -G  -c  % 

4.39 

3.58 

2.44 

0.82 

0  . 

3.58 

2.58 

1.95 

* 

6.82 

Sum 

19.78 

15.43 

11.71* 

5,39 

Mean 

I  3.94 

3.08 

2.34 

1.08 

XVII. 

Account  of  Cerium,  a  new  Metal  found  in  a  mineral  Subjlancc 
from  Baflnas,  in  Sweden.  By  W.  D’Hesingeu.  and 
J.  B.  Bercelius  *. 

§  I. 

Defer  Option  of  the  Tungflein  of  Baflnas . 

Although  this  fubftance  has  been  formerly  allayed  by 
Scheele  and  D’EIhuyar,  under  the  name  of  wolfram,  its  con- 
fiderable  weight,  neverthelefs,  determined  us  to  fubmit  it  to 
farther  enquiries.  Our  principal  object  was  to  find  yttria  in 
it,  which,  being  unknown  at  the  time  in  which  thefe  chemifis 
operated,  might  have  elcaped  their  attention.  Our  fuppofi- 
tion  was  not  well  founded,  fince,  infiead  of  an  earth,  we 
difeovered  a  fubftance  which,  according  to  every  appearance, 
is  hitherto  unknown,  as  will  be  feen  in  the  fequel. 

The  tungftein  of  Baftnas,  which  we  call  cerite,  for  reafons 
which  will  be  prefently  given,  was  found,  in  the  year  1750, 
in  a  copper-mine  called  Baftnas,  or  Saint-Gorans  Koppar- 
grufva,  at  Riddare-Hyltan,  in  Weftraannia,  of  which,  with 
afbeftos,  it  formed  the  matrix  :  but  after  this  time  it  was  im¬ 
bedded  in  quartz  and  mica,  to  the  depth  of  feventecn  toifes. 

*  From  the  Swedifli,  by  G.  A.  Unborn  j  but  here  tranflated  from 
the  Annales  de  Chimie,  L.  145. 

The 


The  tungftein  is  almofi:  always  mechanically  mixed  with  Defcription  of 
black  amphibole  (hornblende) ,  ftriated  a&inote,  of  a  clear tlle  0IV% 
green  colour  (fh>rl),  mica,  fulphurated  copper,  bilmuth,  and 
lulphurated  molybdena,  which  may  be  eafily  known  by  ex- 
poling  it  to  the  fire. 

The  cerite,  properly  fo  called,  is  tranfparent,  of  a  fiefii  Phyfical  proper^ 
colour,  fometimes  deep  and  fometirnes  bright,  feldom  yellow- ceritSt 
id).  In  a  mafs,  or  in  fimall  fpecimens,  the  Hone  is  of  an  ir¬ 
regular  form  ;  its  fracture  is  indeterminate,  compa6t,  and  a 
little  brilliant,  with  obtule  edges;  its  confidence  is  tenacious 
and  ftrong  ;  it  gives  fire  with  fieel  with  difficulty,  but  does 
not  fcratch  glafs  ;  it  is  not  attradted  by  the  magnet ;  after 
having  been  made  red-hot  in  the  fire,  it  lofes  its  hardnefs, 
and  fix  or  feven  per  cent ,  of  its  weight  :  by  this  operation  it 
becomes  friable,  and  acquires  a  bright  yellow  colour :  it  does 
not  melt  alone. 

On  account  of  its  weight,  Cronfiedt  has  placed  it  among  Is  the  falfe  tung-j 
the  tungfieins,  in  his  Mineralogy.  In  pure  fragments,  it  is  ltCia  or  ^cheeiC* 
to  that  of  water  as  4.733  and  4.935  (o  1.000.  Scheele  not 
having  found  wolfram  in  it,  called  it  falfe  tungfiein. 

The  conflituent  principles  of  this  mineral  were  given  by  Conftituent 
Bergman,  in  the  Memoirs  of  the  Academy  for  the  year  17S4,  ^  'a 
page  121,  from  an  analylis  of  D’Elhuyar:  they  are  as  fol¬ 
lows  ; — 


Silex, 

- 

- 

mm 

0.22 

Iron, 

- 

- 

- 

0.24 

Lime, 

** 

0.54 

1.00 

Heated  with  borax  by  the  blow-pipe,  it  forms  a  globule  of  Habitude  wit^ 
glafs,  which,  while  hot/ appears  greenifh,  but  is  colourlefs borax* 
when  cold.  Urged  with  carbonate  of  foda  in  a  platina  fpoon 
it  is  not  difiblved. 


§  II. 


Analyfis  of  the  Proportions  of  Cerium • 

TO  fcparate  the  yttria  which  was  fuppofed  to  be  in  it,  it  Treatment  of 
was  reduced  to  a  fine  powder  in  a  porphyry  mortar;  pure  ^\c 
concentrated  nitric  acid  was  then  poured  upon  it.  The  acid 
was  decompofed,  and  a  confiderable  quantity  of  nitrous  gas 

U  2  and 
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and  carbonic  acid  gas  were  difengaged.  The  fiony  powder 
was  repeatedly  treated  with  this  acid,  until  the  infoluble  refi- 
due  appeared  white. 

The  foiution  diluted  with  water  was  of  a  yellow  colour, 
which  became  greenifh  by  boiling,  and  afterwards  red  :  com¬ 
pletely  dried,  it  became  of  a  yellowifli  white,  but  regained 
its  red  colour  by  attra&ing  humidity.  It  is  entirely  diflblved 
in  alcohol;  and  the  foiution,  (lightly  digefted,  depofits  a  con¬ 
siderable  quantity  of  oxide  of  iron.  It  Iikewife  depofits  more 
oxide  of  iron  by  remaining  for  fome  clays  undifturbed  in  a 
window.  The  decanted  foiution,  being  almoft  clear,  was 
evaporated  to  ficcitv,  and  the  calcined  fait  was  in  the  form  of 
a  powder,  of  the  colour  of  bricks.  Water  could  only  ditfolve 
the  calcareous  earth.  Diflilled  vinegar  could  only  take  up  a 
very  fmall  portion,  and  was  not  faturated,  though  afiifled  by 
the  heat  of  ebullition.  The  evaporated  acetic  foiution  gave 
fmall  granulated  cryflals,  of  a.  faccharine  aftringent  tafle. 
They  were  not  totally  foluble  in  alcohol.  The  part  of  the 
acetous  fait  w'hich  was  not  diflblved  in  alcohol,  gave,  by  cal¬ 
cination,  a  brick-coloured  powder,  refembling  that  which  had 
not  been  diflblved. 

Ammonia  precipitated  the  alcoholic  foiution  in  a  white 
powder,  which  became  yellowifli  in  the  air.  It  was  a  little 
foluble  by  carbonate  of  ammonia,  and  acquired  the  colour  of 
bricks  by  calcination.  The  fediinent  being  feparated,  the 
carbonate  of  ammonia  produced  a  white  precipitate,  which 
was  pure  carbonate  of  lime.  The  acetous  fait  did  not  there¬ 
fore  contain  yltria.  The  powder  from  which  the  calcareous 
earth  had  been  feparated,  diflblved  in  muriatic  acid,  with  a 
difengagement  of  oxigenated  muriatic  acid  gas,  which  indi¬ 
cated  that  there  was  a  metallic  oxide. 

Was  it  oxide  of  manganefe  combined  with  oxide  of  iron  ? 

To  afeertain  this,  we  endeavoured  to  develope  the  pure 
oxide  of  manganefe  by  means  of  tartrite  of  potafli,  according 
to  Richter's  method.  We  dccompofed  in  this  manner,  a  fo¬ 
iution  of  this  fubftance  in  muriatic  acid,  perfectly  neutralized 
by  tartrite  of  potafli ;  and  after  having  waflied  the  precipitate 
well,  we  fubmitted  it  to  a  flow  calcination  ;  but  it  only  pro¬ 
duced  the  brick-coloured  powder. 

Cauflic  alkali  had  no  action  on  the  infoluble  part  of  the 
nitrate  ;  which  proves  that  it  did  not  contain  alumine# 

T<* 


ACCOUNT  OF  CERIUM. 


293 

To  obtain  the  pure  metallic  matter  in  a  fufficient  quantity 
to  make  feveral  allays,  another  portion  of  cerite  was  difiblved 
in  nitric  acid,  and  the  folution  evaporated  to  ficcity.  Water 
tvas  poured  cn  the  refidue,  and  it  was  precipitated  with  am¬ 
monia.  The  waflied  precipitate  was  difiblved  in  nitric  acid. 

The  folution,  well  neutralized  with  the  alkali,  was  afterwards 
precipitated  by  tartrite  of  potatli.  A  white  powder  was  alfo 
precipitated  from  the  fame  folution  by  carbonate  of  potafii, 
but  it  was  in  fmall  quantity.  Thefe  precipitates  were  fepa- 
rately  calcined,  and  both  of  them  acquired  the  colour  of  bricks. 

The  precipitate  formed  by  the  carbonate  of  potafh,  was  not 
difiblved  by  potafh  aided  by  digeition  ;  it  therefore  did  not 
contain  alumine.  The  iron  contained  in  the  folution,  preci¬ 
pitated  with  tartrite  of  potafii,  was  feparated  by  hidro-fulphu- 
ret  of  ammonia.  The  remainder  of  the  folution  of  cerite  in 
nitric  acid,  which  had  been  precipitated  by  caufiic  ammonia, 
gave  carbonate  of  lime  by  carbonate  of  ammonia. 

From  thefe  allays  it  refults,  that  cerite  contains  nearly  23  Component 

parts  of  filex,  5.5  of  carbonate  of  lime,  22  of  oxide  of  iron,  Pans  tKe  ore 

,  .  r  I  ■  | •  ,  .  .  r  I  •  I  5°  Per  Cent,  of 

and  a  quantity  ot  this  metallic  matter,  the  weight  or  winch,  ox^e  0fcerium 

after  calcination,  rather  exceeded  50  per  cent.  But  this  fub- 

ftance  being  then,  as  well  as  the  iron,  united  with  more  oxi- 

gen  than  they  contained  in  the  cerite,  we  have,  inftead  of  a 

lofs,  an  augmentation  of  weight,  which  probably  arifes  from 

the  oxigen.  Neither  is  the  lofs  which  the  cerite  experienced 

in  the  calcination,  included  in  this  account.  We  alfo  found 

traces  of  manganefe,  but  in  fo  fmall  a  quantity,  that  potafii, 

melted  with  the  cerite  and  difiblved  in  water,  did  not  give 

any  colour. 

Not  having  the  pradice  which  complete  proportionate  ana- 
lyfes  require,  we  offer  thefe  relblts  with  diffidence,  and  in  the 
hope  that  fcientific  men  of  more  experience  will  employ  them- 
felves  on  this  fubjeft. 

\ 

§  III. 

Examination  of  the  Metallic  Oxide  found  in  the  Cerite . 

A  paste  was  made  of  37  grains  of  this  oxide  and  linfeed  Examination  of 
oil,  w’hich  was  reduced  in  charcoal  in  a  covered  crucible.  the  oxide» 
Although  it  retained  fome  carbon,  it  loft  half  a  grain  of  its 
weight.  This  mafs  was  inclofed  in  a  lined  crucible  with¬ 
out 
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It  is  the  oxide 
of  a  metal  not 
yet  known. 


out  any  flux,  and  M.  Hjelm  expofed  it  for  half  an  hour 
the  degree  of  fire  neceflary  for  the  reduction  of  manganefe. 
The  oxide  was  not  melted,  but  reduced  into  a  very  fine  powr* 
der :  it  exhibited  brilliant  particles  in  the  day-light,  and 
flained  white  paper  black.  It  diflolved  in  muriatic  acid,  dif- 
engaging,  at  the  firfi,  fulphurated  hidrogen  gas,  and  after¬ 
wards  pure  hidrogen  gas.  This  colourlefs  folution  had  a  fac- 
charine  tafle.  Thus  it  appeared  to  us  that  the  metal  was  re¬ 
duced  in  part.  The  origin  of  the  fulphur  may  be  traced  to 
the  fulphuric  acid,  from  which  the  matter  had  been  teparated 
by  the  cauftic  ammonia.  The  influence  which  this  acid  ex- 
ercifes  in  thefe  allays,  will  be  feen  by  the  fubfequent  en¬ 
quiries. 

M.  Gahn,  at  Fahlun,  having  more  convenient  furnaces, 
has  promifed  to  undertake  the  reduction  of  this  fubflance  with 
more  power :  if  this  operation  fucceed,  we  fliall  give  an  ac¬ 
count  of  it  hereafter. 

Thefe  appearances,  and  thofe  which  follow,  determined 
us  to  confider  the  fubflance  found  in  the  cerite,  as  the  oxide 
of  a  metal  hitherto  unknown,  to  which  we  have  given  the 
name  of  Cerium,  from  the  planet  Ceres,  difeovered  by  Piazzi. 


Manner  of  obtaining  the  pure  Oxide  of  Cerium. 

ProcefTes  for  ob-  (A.)  Pure  uncalcined  cerite  was  diflolved  in  nitro-muriatic, 
taining  thepureand,  after  faturating  the  clear  folution  w'ith  the  alkali,  was 
precipitated  by  tartrite  of  potafh.  The  precipitate  well 
waflied,  calcined,  and  digefled  in  vinegar,  contains  the  pure 
oxide  of  cerium. 

Or  otherwife  decompofe  a  folution  of  cerium  in  nitro-mu¬ 
riatic  acid,  flill  warm,  but  not  faturated,  b)  fuccinate  of  am¬ 
monia  :  a  fuccinate  of  iron  is  gradually  depofited.  The  pre¬ 
cipitation  is  to  be  continued  by  means  of  fuccinate  of  ammonia, 
as  long  as  a  red  precipitate  is  formed  :  the  folution  is  then 
nearly  deprived  of  iron.  After  having  feparated  the  fuccinate 
of  iron,  more  fuccinate  of  ammonia  is  poured  into  it,  until  a 
white  precipitate  appears.  The  folution  is  then  left  at  refl, 
in  order  that  the  fmall  portion  of  fuccinate  of  cerium  may  be 
depofited.  The  iron  diflolved  by  the  free  muriatic  acid,  is 
depofited  at  the  fame  time,  and  the  folution  is  freed  from  this 
metal.  The  cerium  may  afterwards  be  precipitated  by  am¬ 
monia,  and  then  waflied  and  calcined, 
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fluxes. 


Of  the  Properties  of  Oxide  of  Cerium. 

( B.)  This  oxide  may  appear  in  different  degrees  of  oxida-The  0XIcie  15  . 
lion.  The  alkalies  precipitate  a  white  oxide  from  its  folutions,  f^nt  decrees* of 
which  fliows  of  a  yellovvifli  colour  in  the  air,  but,  when  per- oxidation, 
fecily  dried,  becomes  dark.  Expofed  to  a  brifk  and  long- 
continued  fire,  it  takes  a  deep  brick-colour.  The  oxalate  and 
acetate  of  cerium,  calcined  in  velfels  not  completely  clofed, 
yield  a  white  oxide,  which,  in  an  open  fire,  becomes  of  the 
colour  of  bricks.  It  does  not  melt  by  itfelf. 

Treated  with  borax  by  the  blow-pipe,  it  melts  readily  and  Fufion  with, 
fwells.  The  globule  heated  by  the  exterior  flame,  a  flumes 
the  colour  of  blood  ;  which,  by  cooling,  pafifes  to  a  yellowifh 
green,  and  at  length  becomes  colourlefs,  and  perfectly  tranf- 
parent.  Melted  by  the  interior  flame,  thefe  changes  do  not 
take  place  ;  it  is  then  reduced  into  a  colourlefs  glafs ;  but,  ex¬ 
pofed  for  a  fhort  time  in  the  exterior  flame,  the  fame  pheno¬ 
mena  are  produced.  If  too  much  oxide  of  cerium  is  made 
ufe  of,  the  glafs  refembles  an  opake  yellow'ifli  enamel.  Thefe 
changes  are  more  eafily  manifelted  with  the  phofphate  of  foda 
and  ammonia.  If  two  clear  and  colourlefs  globules  are  melted 
together,  one  of  which  was  prepared  with  borax  and  the 
other  with  the  phofphate,  they  form  a  tranfparent  glafs,  which, 
on  cooling,  becomes  opake  and  pearl  coloured. 

Thefe  charadlers,  taken  together,  fufficiently  difiinguifh  the 
oxide  of  cerium  from  the  oxide  of  iron.  The  latter  alfo  offers 
the  fame  changes  of  colour,  but  its  glafs,  on  cooling,  has  a 
deep  green  colour,  which  fades.  The  globules  made  with 
borax  and  the  phofphate  melted  together,  yield  an  opake 
glafs,  the  colour  of  which  is  a  little  deeper. 


Oxide  of  Cerium  treated  with  Sulphuric  Acid. 

(C.J  When  oxide  of  cerium  is  digefled  with  fulphuric  acid.  Sulphate  of  ce- 

thefe  two  fubftances  unite,  and  the  refult  is  a  red  infoluble  riurn  *1  a  *ax*~ 

.  mum  oj  QX\dA- 

falt,  which  is  fulphate  of  cerium  at  a  maximum  of  oxidation.  t\on% 

If  the  acid  is  concentrated,  it  fcarcely  diffolves  any  of  it.  If 
it  is  diluted  with  half  its  quantity  of  .water,  or  a  little  more, 
the  refult  is  a  yellowifh  oily  liquor,  which  does  not  adhere  to 
the  glafs,  nor  does  it  wet  it.  If  the  acid  is  mixed  with  fix  or 
feven  times  its  quantity,  or  even  more,  of  water,  and  em¬ 
ployed  in  a  fufficient  quantity,  the  oxide  is  diffolved  of  an 

orange 
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Acidulous  ful- 
phatc  of  cerium 


Neutral  acid. 


Acidulous  ful- 


orange  colour.  By  a  flight  evaporation  of  this  folution,  it 
yields  fmall,  prifmatic,  coherent  cryflals,  of  the  colour  of 
gold.  This  fait  is  an  acidulous  fulphate  of  cerium  at  a  max¬ 
imum.  Thefe  cryflals,  thoroughly  dried  between  blotting- 
paper,  and  expofed  to  the  air,  are  gradually  reduced  to  a 
yellow,  almofl  cryflalline  powder.  KedifTolved  in  water, 
they  experienced  a  decompofition  ;  a  w-hite  powder  is  depo¬ 
ll  ted,  and  the  folution  becomes  colourlefs.  This  white  pow- 
der  is  a  fulphate  of  cerium,  but  little  oxigenated.  If  the  fo¬ 
lution  is  evaporated  to  drynefs,  it  gives  an  acidulous  fulphate 
b u t i g htl yf *o  xi  - 0 f  ce r i 11  m  ftill  lefs  oxigenated.  Thefe  cryflals  are  feldom  cu- 
genated.  bical,  but  almofl  always  prifmatic,  flriated  and  collected  in 

bundles.  Their  tafle  is  four,  but  they  afterwards  become  fac- 
charine  and  aflringent. 

Muriatic  acid  .  Treated  with  muriatic  acid,  the  yellow  acidulous  fulphate 
dubuTfalphate  °f  cerium  yields  part  of  its  oxigen  to  the  acid,  which  is  volati- 
of  pa. t  of  its  lized  in  oxigenated  muriatic  acid  gas.  The  fait  remains  co- 
As^doesanin-  ^our^e^s*  -An  augmentation  of  temperature  alone  is  fufficient 
creafe  of  tem-  for  the  yellow  acidulous  fulphate  of  cerium  to  Iofe  its  colour  by 
perature,  which  j0fing  the  excefs  of  its  oxigen.  If  the  heat  is  increafed  flill 

off  the  acid,  and  more,  the  furplus  of  the  acid  is  carried  off,  and  a  faturated 
fulphate  of  cerium  remains.  By  a  continued  calcination,  it 
regains  oxigen,  becomes  red,  and  yields  a  fulphate  of  cerium 
at  a  maximum.  The  fulphate  of  cerium,  difoxigenated  by  the 
muriatic  acid,  is  more  difficult  to  re-oxidate  by  calcination. 

In  the  humid  way,  the  alkalies  only  decompofe  the  fulphate 
of  cerium  incompletely.  Ammonia  precipitates  an  oxide 
from  the  acidulous  fulphate  of  cerium,  which  is  only  in  a  fmall 
quantity,  but  neverthelefs  contains  part  of  the  fulphuric  acid. 
The  fulphate  of  cerium  is  not  perfectly  decompofed,  except 
by  calcination  with  three  times  its  weight  of  carbonate  of  foda 
or  potaffi.  The  calcined  oxide  is  of  a  brown  colour.  By  di- 
geftion,  ammonia  can  deprive  it  of  part  of  its  acid  :  the  oxide 
takes  a  diftindt  flefh  colour,  which  becomes  brighter  by  dry¬ 
ing.  Digefted  with  concentrated  muriatic  acid,  or  with  ni¬ 
tric  acid,  a  fmall  quantity  diffolves,  having  its  yellow  colour. 
If  a  folution  of  acidulous  fulphate  of  cerium  is  precipitated 


forms  a  neutral 
fulphate. 
Calcination  re- 
ff  ores  the  oxi¬ 
gen. 

A&ion  of  the 
alkalies  on  the 
fulphates  o t  ce¬ 
rium. 


Sulphate  of  ce- 


rjum  ami  potath,  ^  pt,tafh,  a  triple  combination  of  cerium,  fulphuric  acid,  and 
potaffi,  is  feparated,  before  the  acid  is  faturated.  It  too  much 
potaffi  is  added,  the  combination  is  partly  deftroyed.  The 
fulphate  of  cerium  and  potaffi,  at  a  viaximum,  is  of  an  orange 

colour  i 


account  of  cerium. 
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colour  ;  that  which  is  at  a  minimum ,  is  white.  A  fimilar  com¬ 
bination  is  alfo  obtained  by  pouring  muriate  of  cerium  into  a 
folution  of  fulphate  of  potafli.  Sulphate  of  ammonia  does  not 
form  any  precipitate  in  it ;  but,  on  adding  a  calcareous  fait 
to  it,  fulphate  of  cerium  combined  with  potafli  is  rapidly 
depofited. 

Thefe  characters  offer  a  ready  method  of  feparating  the  ful-  Sulphuric  acid 
phate  of  cerium  from  iron.  It  muft  however  be  obferved, /ulp^atc^of  ceri- 
that  when  the  folutions  are  faturated,  a  little  iron  is  alfo  de-um  from  iron, 
pofited,  which  gives  a  yellow  colour  to  the  precipitate;  but 
by  adding  a  little  fulphuric  acid  in  excefs,  the  iron  is  redif- 
folved,  and  leaves  the  precipitate  entirely  white.  This  com¬ 
bination  is  only  diffolved  in  part  by  dilute  fulphuric  acid,  and 
the  greateff  quantity  of  that  feparates  afterwards. 

The  fulphate  of  cerium  and  potafli  melts  by  a  ftrong  heat.  Sulphate,  and 
Feated  with  charcoal,  it  gives  fulphuret  of  potafh  and  ful- 
phuret  of  cerium.  Melted  with  carbonate  of  potafli,  in  clofed  carbonate  of  ce- 
veffels,  it  yields  carbonate  of  cerium  and  fulphate  of  potafli. rmm* 

This  (alt  contains  only  one-third  of  oxide  of  cerium. 

It  is  diffolved  in  concentrated  nitric  acid,  and,  during  the  Concentrated 
cooling,  an  acid  fait,  formed  of  acidulous  fulphate  of  potafh  co^wfes^ul6" 
and  a  little  fulphate  of  cerium,  cryftallizes.  Thus  the  fulphate  phate  of  cerium 
of  cerium  combined  with  potafli,  is  decompoled  by  concen- and  P013^1* 
trated  nitric  acid.  This  acid  carries  off  the  metal,  and  the 
fulphuric  acid  is  diredled  wholly  upon  the  potafli,  with  which 
it  forms  a  fait  with  excefs  of  acid. 

Oxide  of  Cerium  with  Nitric  Acid. 

( D.)  Nitric  acid  diffolves  the  calcined  oxide  with  difficulty,  Nitrate  of  ceri- 
but  that  which  is  precipitated  by  pure  or  carbonated  alkalies,  1 
with  eafe.  When  the  folution  is  faturated  with  oxigen,  it  is 
of  a  greenifn  yellow  colour  ;  but  colourlefs,  w'hen  lefs  oxided. 

Evaporated  to  the  confidence  of  honey,  it  depofits  lainellated 
cryffals,  which  attract  the  humidity  of  the  air.  The  folution 
has  a  faccharine  taffe  :  like  all  the  other  faturated  folutions  of 
cerium,  it  lets  fall  an  oxide  of  cerium,  at  a  maximum  of  oxi¬ 
dation,  in  the  open  air.  This  precipitate  is  frequently  formed 
of  oxide  of  iron.  When  dry,  this  fait  is  of  a  yellowifh  white 
colour;  but  becomes  colourlefs  on  being  diffolved  in  a  fuffi- 
cient  quantity  of  w'ater.  It  diffolves  readily  in  alcohol. 

4  A  con- 
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A  concentrated  folulion  of  this  fait  takes  a  blood  colour, 
on  account  of  a  (mall  quantity  of  iron,  which,  by  drying, 
pafles  to  yellowifla  white,  but  is  reftored  by  a  new  folution. 

A  eolourlefs  and  lets  oxided  nitrate  of  cerium,  is  obtained 
by  diflblving  the  yellowifh  (alt  in  alcohol :  the  folution  inflames 
and  yields  a  white  (alt. 

It  is  deflroyed  by  Are,  which  drives  off  its  acid. 

With  Muriatic  Acid. 

Muriate  of  ce-  (E.)  The  calcined  oxide  of  cerium  is  (lowly  diflolved  in 
riuna.  muriatic  acid  in  the  cold,  and  more  readily  by  heat ;  an  effer¬ 

vescence  is  produced,  owing  to  a  difengagement  of  oxigenated 
muriatic  acid  gas.  The  taftc  of  the  folution  is  faccharine  and 
aftringent;  the  colour  is  a  very  faint  greenifli  yellow:  the 
dried  fa  line  mafs  is  yellowifli  white,  and  attracts  humidity. 
We  only  (ucceeded  once  in  obtaining  it  cryftallized.  The 
cryflals  were  white,  brilliant,  in  four  Tided  prifms,  w'ith  the 
points  cut  off.  The  (alt  diflolves  readily  in  alcohol,  and  its 
concentrated  folution  burns  with  a  yellow  and  fparkling  flame. 
The  refidue  of  the  fait  is  white  and  gives  a  eolourlefs  fo- 
lution.  It  is  muriate  of  cerium  at  a  minimum  of  oxidation. 

Heated  in  clofed  velfels,  the  water  of  cryflallization  is  fir  ft 
diflipated,  afterwards  the  acid  pafles  in  the  form  of  oxigenated 
muriatic  acid  gas.  If  the  operation  is  (lopped  before  the  acid 
is  entirely  volatilized,  an  undecompofed  muriate  of  cerium,  at 
a  minimum  of  oxidation  remains. 

If  the  muriate  of  cerium  contains  iron,  it  all  fublimes  in  a 
brown  deliquefeent  mafs.  Nothing  remains  in  the  matrafs  but 
a  white  oxide  of  cerium,  w’hich  attracts  the  humidity  of  the 
air,  and  becomes  yellow.  Thus,  fublimation  with  muriate  of 
ammonia  may  be  employed  to  purify  a  muriate  of  cerium  which 
contains  a  little  iron. 

With  Phojphoric  Acid. 

Phofphatc  of  ce«  ( F.)  Free  phofphoric  acid,  faturated  with  an  alkali,  preci- 
num*  pitales  muriate  of  cerium.  The  precipitate  is  white,  and 

loluble  in  muriatic  acid  and  in  nitric  acid  employed  in  fufficient 
quantity. 

This  fait  is  alfo  obtained  by  digefling  pure  oxide  of  cerium, 
moiflened  with  phofphoric  acid.  It  is  not  foluble  in  an  exccfs 
of  this  acid. 

With 
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U'ith  Carbonic  Acid. 

( G .)  The  carbonate  of  ammonia  precipitates  muriate  of  Carbonate  of  ce- 
cerium  without  effervefcence.  After  the  precipitation,  car-llunv 
bonic  acid  is  (lowly  difengaged  in  the  form  of  bubbles.  The 
refidue  retains  its  acid,  even  after  deuccation. 

Dry  carbonate  of  cerium  has  a  white  colour  tending  a  little 
to  bluifli  or  greenifh.  It  dil-fulves  in  the  acids  with  efFer- 
vefcence.  It  does  riot  tofe  its  acid  in  an  open  fire.  In  clofed 
veffels,  without  the  contact  of  oxigen,  it  fupports  a  gentle 
calcination,  without  being  decomposed. 

With  Arfenic  Acid. 

(II.)  Free  arfenic  acid  does  not  produce  any  change  on  Arfeniate  and 

muriate  of  cerium.  The  oxide  digefted  with  this  acid,  forms acldu!ous.arlcni* 

.  -  .  .  ate  or  cerium. , 

an  infoluble  (alt.  An  excefs  of  this  acid  di (Solves  it,  and  gives 
an  acidulous  arfeniate  of  cprium.  The  faturated  arfeniate  of 
cerium  is  depofited  in  the  form  of  a  powder  during  the  evapo¬ 
ration.  The  refidue  does  not  cryftallize,  but  by  defecation, 
becomes  a  gelatinous,  clear,  and  colourlefs  mal's. 

With  Molibdic  Acid, 

(I.)  The  acidulous  falts  of  cerium  are  not  decompofed  by  Molybdate  of ce* 
molybdate  of  ammoniac.  The  molybdate  of  cerium  is  precipi-  num* 
tated  from  its  faturated  folutions,  in  the  form  of  a  white  fait, 
which  is  not  foluble  in  the  acids. 

With  Oxalic  Acid. 

(K.)  Either  the  acidulous  or  faturated  folutions  of  cerium  Oxalate  of  ceri- 
are  precipitated  by  oxalic  acid.  According  to  the  degree  um* 
of  oxidation  of  the  metal,  the  precipitate  becomes  red  or 
white.  This  combination  is  alfo  obtained  by  digefting  the 
oxide  with  free  oxalic  acid.  An  excefs  of  acid  does  not  dif- 
folve  it,  but  ammonia  readily  effects  its  folution,  giving  it  a 
yellow  colour. 

A  fmall  quantity  of  oxide  is  depofited  by  evaporation* 

The  folution  afterwards  yields  regular  cryftals  in  the  form  of 
needles.  Pure  alkalies  do  not  occafion  any  precipitate. 


With 
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With  Tartar eous  Acid. 

Tar  trite  of  ce-  ( L.)  Free  tartareous  acid  has  no  a&ion  on  muriate  of 
T,um*  cerium.  The  recently  precipitated  oxide  unites  with  this 

acid  by  digeftion,  and  yields  a  tartrite  of  cerium,  which 
diffolves  readily  in  water.  This  fait  is  alfo  precipitated  from 
faturated  folutions  by  tartrite  of  potadi.  Like  the  oxi- 
Iate  of  cerium,  it  diffolves  in  pure  ammonia,  but  does  not 
cryftallize. 

Tartrite  of  cerium  is  not  entirely  foluble  in  water:  the  folu- 
tion  is  precipitated  by  carbonate  of  foda. 


With  Benzoic  Acid. 

Benzoate  of  ce-  (M.)  This  acid  does  not  ad  on  the  muriate  of  cerium;  but, 
r‘um‘  by  digeftion,  well  concentrated  benzoic  acid  diffolves  the  oxide 

of  cerium  recently  precipitated.  On  cooling,  the  folution  firft 
depofits  cryftals  of  the  acid  in  excefs,  and  afterwards  ben¬ 
zoate  of  cerium  in  the  form  of  a  white  powder,  which  adheres 
to  the  cryftals  of  benzoic  acid. 

The  refinous  matter  with  which  this  acid  is  frequently  united, 
combines  with  the  benzoate  of  cerium,  and  forms  an  infolubl© 
brown  powder. 

With  Citric  Acid. 


Citrate  and  aci-  (N.)  Muriate  of  cerium  is  not  precipitated  by  citric  acid, 
dulous  citrate  ofgat  t|ie  oxide  digefted  with  citric  acid  forms  an  infoluble  fatu¬ 
rated  combination,  which  an  excefs  of  acid  diffolves.  The 
acidulous  citrate  of  cerium  is  of  a  yellow  colour  and  does  not 
cryftallize.  Alcohol  deprives  it  of  its  water,  and  of  part  of 
its  acid,  but  does  not  ditfolve  it. 


With  Acetic  Acid. 

Acetate  of  ce  fOj  The  calcined  oxide  of  cerium  is  only  very  imperfe£Uy 
rium.  dilTolved  in  acetic  acid,  even  w’ith  the  afliftance  of  heat ;  but 

that  which  is  recently  precipitated  by  the  alkalies,  is  diftolved 
with  facility.  The  faturated  acetate  of  cerium  is  foluble  in 
water ;  it  has  a  fweet  tafte,  and  gives  granulated  cryftals,  by 
evaporation,  which  do  not  change  in  the  air,  and  are  but 
(lightly  foluble  in  alcohol. 

This  fait  fwells  in  the  fire,  and  is  deftroyed. 

(To  he  continued.) 
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Extrad  of  a  Ltttcr  from  Mr,  Bode,  Ajlronomer  Royal  at  Berlin, 
to  Mr.  A.  F.  Thoelden,  Dated  the‘23d  of  October,  ]  304. 

I  HEREWITH  tranfmit  to  you  forae  of  my  own  obferva-  New  planet 
tions  of  the  new  difeovered  third  planet,  (which  is  to  be  called  Juno* 


JunoJ  made  at 

our 

Obfervatory. 

Sepf. 

21  - 

Mean  Time. 
llh  55'  21"- 

Apparent  R  A. 
359°  27 7  46"- 

3Q 

Declin. 

38'  23 v  South. 

25  - 

1  1 
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4  - 
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11 

28 
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11 
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5 

1 1 

35 

oa. 

10  - 

10 

28 

42  - 
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29 

13  - 

7 

36 

56 

14  - 

10 

1  1 

9  - 

356 

1 

14  - 

8 

IS 

51 

20  - 

9 

45 

22  - 

355 

29 

24  - 

9 

12 

46 

I  alfo  inform  you,  that  an  anonymous  admirer  of  aflronomy  Agronomical 
of  Berlin,  has  depofited  with  me  the  fum  of  20  Frederics  d’or,  Pnze* 
for  any  important  difeovery,  treatife,  or  fatisfattory  folution  of 
any  difficult  problem,  of,  or  relating  to,  aftronomy,  to  be  fent 
to  me  between  this  and  the  end  of  Auguff,  1805.  (The  con¬ 
currents  are  requefted  to  write  their  differtations  either  in 
French,  or  in  German,  affixing  a  motto  to  each,  with  a  fealed 
note  containing  their  name  and  addrefs).  After  the  expiration 
of  the  above-mentioned  period  I  am  to  confult  with  my  agro¬ 
nomical  friends  refpedting  the  merits  of  the  papers  fent,  and  to 
adjudge  the  premium  accordingly,  on  condition,  however, 
that  I  may  beat  liberty  to  make  ufe  of  fuch  papers,  addreffed 
to  me,  as  I  think  proper  to  infert  into  my  agronomical  journals. 

Signed,  J.  E.  BODE. 

N.  B.  Any  agronomical  gentleman  who  intends  to  become 
a  competitor,  may  fend  his  paper  to  me,  and  I  will  forward  it 
to  Mr.  Bode  without  any  expence. 

A.  F.  THOELDEN. 

No,  10,  St.  Alban’s  Street,  Pall-Mall , 

Nov.  3d,  1804. 
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Experiment  on  the  Heat  which  is  developed  during  the  CxnnpreJfiOH 

of  the  Air  *. 

Heat  by  com*  A  VERY  curious  experiment  has  been  lately  repeated  be- 
preffion  of  air.  fore  the  National  Indilute.  If  the  air  be  very  rapidly  com- 
prefled  in  the  ball  of  an  air  gun,  a  confiderable  quantity  of 
heat  is  difengaged  from  the  fird  ftroke  of  the  pidon,  which  is 
fo  great  that  it  is  capable  of  fetting  fire  to  a  piece  of  fungus 
match  (amadou)  placed  within  the  pump.  If  the  body  of 
the  pump  be  terminated  by  a  moveable  end  formed  of  a  piece 
of  deel  firmly  ferevved  in,  and  furni (lied  in  its  centre  with  a 
glafs  lens,  which  admits  of  the  intide  being  feen,  at  the  firft 
Broke  of  the  pidon,  a  ray  of  vivid  brilliant  light  will  be  per¬ 
ceived,  which  is  fuddenly  difengaged. 

This  obfervation  is  owing  to  accident ;  it  wras  made  for  the 
fil'd  time  by  a  workman  in  the  manufacture  of  arms  of  Saint 
Etienne,  who,  on  difeharging  an  air  gun  in  which  the  air  was 
firongly  compreffed,  perceived  a  very  fenfible  light  at  the  end 
of  the  barrel. 

Extract  of  a  Letter  from  Professor  Proust  to  J.  C.  Dela- 

METHERIE  f . 

AMONG  the  memoirs  which  I  have  had  for  a  long  while 
to  fend  to  you,  you  will  find  one  on  BerthollePs  work,  and  on 
what  he  fays  of  the  hydrates,  and  alfo  theanalyfis  of  a  done 
’fallen  from  the  almofphere,  at  Sigena,  in  Arragon,  which  was 
found  to  be  perfectly  fimilar  to  all  thofe  which  have  been  hi¬ 
therto  analyzed. 

Brandy  from  the  I  do  not  know  whether  I  fliould  mention  to  you  a  fort  of 
wrobe  tree.  difeovery,  which,  however  trifling  it  may  appear  to  be,  will, 
neverlhelefs  be  one  day  of  great  importance  in  Spain,  parti¬ 
cularly  in  the  provinces  where  the  carobe  tree  ( caroubitr )  is 
cultivated.  It  is  known  that  the  fruit  of  this  tree  is  only  cul¬ 
tivated  along  all  the  coad  of  the  Mediterranean,  to  feed  cattle. 
However,  after  a  fuitable  fermentation  it  yielded  me  a  quar- 
lillo  (about  the  bulk  of  a  pound  of  water)  of  excellenfbrandy, 

*  Bulletin  des  Sciences,  III,  p.  209.  The  latter  obfervation  of 
the  flafli  from  an  air-gun  has  been  feveral  times  obferved  before  :  See 
our  Vol.  IV.  p.  280.  It  Angularly  contrafts  the  former  faff.  N. 

•f  From  Journal  de  Phyfique,  &c.  Meflidor,  An.  XII. 
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Dutch  proof,  from  five  pounds  of  the  dried  fruit.  This  brandy, 
although  it  retains  a  llight  odour  of  the  fruit,  is  by  no  means 
difagreeable  to  the  tafte,  and  I  have  made  liqueurs  with  it  in  no 
refpect  inferior  to  thofe  of  commerce.  I  (ball  not  delay  the 
publication  of  the  details  of  this  difcovery,  from  which  I  claim 
no  credit  except  on  account  of  the  influence  which  it  may  have 
on  a  part  of  the  commerce  of  the  eaftern  provinces  of  Spain. 


Method  of  obtaining  pure  Cobalt.  By  Tromsdorff  *. 

LET  four  parts  of  finely  pulverized  zaffre  be  intimately  Pure  coi»a!£j 
Llended  with  one  of  very  dry  nitrate  of  potafli  and  half  a  part 
of  charcoal  powder;  introduce  this  mixture  by  fmall  quantities 
at  a  time  into  an  ignited  crucible,  and  repeat,  this  procefs  for 
three  fucceflive  times,  by  again  adding  to  the  detonated  refi- 
duarv  mafs  new  quantities  of  nitrate  of  potafli  and  char©«#?. 

This  being  done,  mix  the  mafs  with  one  part  of  black  flux, 
and  expofe  the  mixture  to  a  red  heat  for  one  hour.  When 
cooled,  feparate  the  metallic  cobalt,  pulverife  it,  blend  it  to¬ 
gether  with  three  times  its  own  weight  of  nitrate  of  potafli, 
and  detonate  this  mixture  as  directed  before.  The  iron  which 
was  prefent  will  thus  became  highly  oxidized,  and  the  arfenic 
acidified,  and  combined  with  the  potafli.  To  feparate  the 
latter,  pulverife  the  mafs,  treat  it  repeatedly  in  water,  and  fe¬ 
parate  the  infoluble  part  by  the  fibre.  The  arfeniate  of  potafn 
being  thus  got  rid  of,  digeft  the  refidue  in  nitric  acid  ;  the 
cobalt  will  now  be  diflblved,  and  the  highly  oxidized  iron  re¬ 
main  untouched.  Evaporate  the  folution  to  drynefs, redifTolve 
it  in  nitric  acid,  re-filtre  the  folution,  in  cafe  fome  oxide  of 
iron  fliould  have  efcaped  unfeparated,  decompofe  the  folution 
of  nitrate  of  cobalt  by  potafli,  wafh  the  precipitate,  and  re^ 
duce  it  by  heat. 


Method  of  coating  Copper  zvith  Platina.  By  Strauss. 

Mr.  Straufs,  who  has  made  a  number  of  good  experiments  Coating  copper 
on  platina,  has  fucceeded  in  applying  this  metal  to  defend  thewlth  fiatuw* 
face  of  copper.  The  folution  of  platina  was  precipitated  by 

*  Gehlen’s  Journal  of  Chemiftry,  Vol.  IV,  p,  G ,  117. 
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muriate  of  ammonia,  then  w  a  (lied  and  dried,  and  expofed  to 
a  graduated  red  iieat  for  half  an  hour  in  a  covered  crucible. 
The  product  was  a  grey  coagulated  powder;  conGftingot  me¬ 
tallic  platina  in  a  ftate  of  extreme  divifion.  One  part  ot  this 
powder  with  three  parts  of  mercury  did  not  combine  by  half 
an  hour’s  trituration  ;  but  upon  adding  two  parts  more  of  mer. 
cury  and  flightly  heating  the  mortar,  he  foon  obtained  a  tena¬ 
cious  amalgam,  which  was  rendered  very  foft  by  the  addition 
of  two  other  parts  of  the  lad  mentioned  metal. 

A  fmall  quantity  of  this  amalgam  was  rubbed  upon  a  plate 
of  copper,  which  became  perfectly  covered.  The  plate  was 
then  ignited,  and  was  found  to  have  retained  a  coating  of  pla¬ 
tina.  In  the  next  place  he  mixed  a  little  of  the  amalgam  with 
chalk,  fprinkled  the  mixture  with  water,  coated  the  plate  of 
copper  a  fecond  time,  and  again  ignited  it.  The  coating  was 
now  found  to  be  very  perfect,  and  affumed  a  fhining  filver  co¬ 
lour  under  the  burnifher. 

This  ehemift  remarks  that  his  application  of  platina  to  cop¬ 
per  vetfels  muft  be  fuperior  to  that  of  tin;  not  only  in  its  re¬ 
finance  to  acids  and  faline  matters,  but  in  its  durability  from 
the  greater  hardnefs  of  platina;  and  he  adds  that  the  procefs 
here  defcribed,  is  not  more  difficult  to  be  effiefted  than  the 
common  operation  of  tinning. 

Tromfdorjf’s  Journal ,  1803,  Vol.  II.  p.  IS. 
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Phofphorated  copper,  267* 

Phofphorus,  on  the  coft  rf  making,  94. 
— Readieft  method  of  uniting  it  with 
copper,  267 
Piana,  257 
Piazzi,  142,  274 
PiCtet,  194,  207 

Piles,  galvanic,  power  of  different  ones  in 
burning  wire,  241 
Planet,  a  new  one,  301 
Platina,  ignition  and  fufion  of  in  hidrogeft 
gas,  24. — Method  of  preparing  malle¬ 
able,  68. — Triple  muriates  of,  67.— 
Method  of  coating  copper  with,  303 
Playfair,  Mr.  104 

Pollen  of  flowers,  examination  of  the,  183. 

• — Is  not  necefTary  to  the  production  of 
bees’  wax,  184. — Is  the  food  of  the  iar* 
vae  of  the  bees,  1  88 

Port-folios,  cheap  and  fimple  contrivance 
for  making  large,  128 
Prcvoft,  Profeftbr,  on  an  affertion  of  La- 
voilier,  247 

Prieftley,  Dr.  4,  55,  no,  180,  217,  276 
Principles,  elementary  of  bodies,  on  the 
contaCt  of,  247 

- vegetable,  complicated  nature 

of,  69 

Prior,  Mr.  account  of  his  new  ftriking 
part  for  a  clock,  92 
Prize,  aftronomical,  301 
I'rony,  142. — On  a  condenfer  of  forces, 
275 

Prouft  on  the  preparation  of  brandy  from 
the  carobe  tree,  302 

PrufTiatc  of  potafh,  belt  method  of  obtain¬ 
ing  it  fiee  from  iron,  280 
Pruftic  acid,  its  unaltcrability  by  heat,  278 
Pyrotechnic  obfei vations,  applied  *-o  the 
conftruCtion  of  evaporating  furnaces,  204 

Q. 

Quefti  ns,  prze,  14 1 
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Rac'uti  >n  of  heat,  inftrument  for  meafur- 
ing  the  effeds  of  the,  6 z. — Is  increaled 
by  bodies  which  facilitate  the  pafl’age  of 
heat,  194 

Rainbow,  fupernumerary,  caufed  by  the 
interference  of  light,  135 
Ralhleigh,  P.  Efq.  14 
Raymond,  142 

Rays,  calorific  and  frigorific  may  be  the 
fame,  197 

«r—  dark  folar,  experiments  on,  140 
R.  B,  defcription  and  drawing  of  his  in¬ 
ftrument  for  drawing  in  perfpedive,  122. 

Another  for  delineating  ovals,  123. — 
Project  for  a  perpetual  motion,  212. — 
Defcription  and  drawing  of  his  new  pa¬ 
rallel  rule,  213 
Reaumur,  182 
Red  enamel,  268 

Rheutnatifm,  cure  of  by  galvanifm,  246 
Richter,  Mr.  180 
Ritter,  140 

Rocks,  improved  procefs  for  blafting,  230 
Roy,  Gen.  112,  230 
Rule,  parallel,  defcription  and  drawing  of 
a  new,  213 

Rumford,  Count,  on  the  nature  and  mode 
of  communicating  heat,  58,  193,  102, 
142. — Account  of  a  curious  phenome¬ 
non  obferved  on  the  Glaciers  of  Cha- 
mouny,  207 
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S. 

;Sage,  K.  G.  on  a  method  of  giving  the 
colour,  grain,  and  harduefs  of  fteel  to 
copper,  267 

Salop,  mucilaginous  powder  from  the  root 
of,  234 

Sa  ts,  triple  of  platina,  67 
Sand,  its  ufe  in  blafting  rocks  with  gun¬ 
powder,  231 
Sauflure,  la,  57 
Scheele,  290 

Sealing-wax,  experiments  on  its  power  of 
ablorbing  air,  261 


Seeds,  peiifh  when  deprived  of  oxlgen, 
Seguin,  M.  on  chamoying  leather,  251 
Sennebier,  196 
Seymour,  Lord  Webb,  104 
Sheldrake,  Mr.  T.  on  Tingry’s  errors  re- 
fpeding  copal  varnithes,  151 
Ships,  on  an  improved  method  of  con- 
ftruding,  166 

Silex  and  carbonate  of  lime,  combination 
of,  10 1 

Silver,  the  true  melting  point  of,  99  (note) 
— — fulminating,  accident  with,  203 
Smeaton,  Mr.  215. — His  pendulum,  229, 
230 

Smith,  Dr.  162 

Smoke  from  a  candle  facilitates  the  pafiage 
of  heat,  61,  —  Prevents  water  from  boil¬ 
ing,  202 

Soda  and  platina,  method  of  preparing  a 
muriate  of,  67 
Solard,  283 

Sound,  ftrong  refemblance  of  it  to  light, 
138. — On  the  caufes  of  the  augmenta¬ 
tion  of  its  intenfity  in  fpeaking  trum¬ 
pets,  283.-— Is  not  diminifhed  by  an  in¬ 
ternal  covering  of  woo1,  288. — Nor  does 
its  intenfity  arife  from  refiedion,  289 
Soy,  Cbinefe,  method  of  preparing,  237 
Speaking  trumpets,  on  the  caufes  of  the 
augmentation  of  the  intenfity  of  found 
in,  283. — Hiftory  of  the  invention  of, 
ib.— Proportions  of  a  conical,  2S4.— 
Augmentation  of  found  in  thofe  with 
cylindrical  tubes,  287. — It  is  not  owing 
to  the  refiedion  of  the  fonorous  rays, 
289 

Spermaceti,  on  the  latent  heat  of,  45 
Squares,  on  the  computation  of  tables  of, 
4,  123,  171 

Squills,  vernal,  mucilaginous  powder  from, 
232 

Star,  difeovery  of  a  new  moving,  112 
Starch,  is  a  generic  term,  70. — Noteafily 
decompofed,  74.-— Experiment  on  its 
union  with  tan,  75. — Chemical  exami¬ 
nation  of,  76 
- - of  peppep,  77 
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Steam,  latent  heat  of,  48 
— — —  engines,  method  of  eflimafcing 
their  value  in  horfe  powers,  214 
Steel,  expanfion  of  by  heat,  230. — Method 
of  communicating  its  properties  to  cop¬ 
per,  267 

Straufs  on  a  method  of  coating  copper  with 
platina,  303 

Stream  of  water,  ftrudture  for  purifying 
a,  96 

Striking  part  for  a  clock,  new,  92 
Sturm,  283  / 

Sugar,  is  a  generic  term,  70. — Contains 
the  princ:ples  of  bees’  wax,  191. — Ex¬ 
periments  on  its  power  of  abforbing  at- 
mofpheric  air,  261 
Sulphates  of  cerium,  295,  296 
Sulphur,  on  the  latent  heat  of,  45. — Ex¬ 
periments  on  its  power  of  abforbing  at- 
mofpheric  air,  261 

Sulphuret,  triple  of  lead,  antimony  and 
copper,  analyfis  of,  14 
Swammardam,  182 

Sylvefter,  Mr.  on  the  operation  of  the  gal¬ 
vanic  power,  179 

T. 

Tables  of  fquaicsand  cubes,  computation 
of,  4,  123 

Tallow,  defeription  and  drawing  of  a  lamp 
for  burning,  145 

Tan,  experiment  on  its  union  with  ftarch, 

75 

Tartrite  of  cerium,  300 
Temperature  is  depreffed  by  the  radiation 
of  cold  bodies,  194 
Te  flier,  142 

Thicknefle,  Ra.  Efq.  on  galvanifm,  120 
Theolden,  M.  on  a  new  planet,  301 
Thomfon,  Dr.  17. — On  pepper,  68,  21 1 
Thouvenal,  42 

Tin,  on  the  latent  heat  of,  45 
Tingry,  M.  on  h's  errors  refpe&ing  copal 
varnifhes,  151 

Torpidity  of  animals  in  winter,  prize  quef- 
tion  rcfpedling,  141 


Tromfdorff,  on  obtaining  pure  cobalt,  303 

Troughton,  Mr.  E.  defeription  and  draw¬ 
ing  of  his  tubular  pendulum,  225.— -His' 
mercurial  pendulum  perfedf,  but  not 
portable,  229 

Tungftein,  new  metal  found  in  a  fuppofed 
ore  of,  290 

Turpentine*  proccfs  for  diflolving  copal  in 
fpirit  of,  154. — I«  a  better  menflruum 
than  alcohol,  155 

Y. 

Van  Mons,  221 

Vapour,  aqueous,  its  a&ion  on  water,  9© 

Varniih,  copal,  letter  from  Mr.  T.  Shel¬ 
drake  on,  15 1.  —  Safe  and  eafy  method 
of  making,  157 

-  fpirit  facilitates  the  pafTage  of 

heat,  61 

Vauquelin,  37. — His  analyfis  of  a  liquor 
employed  to  render  fluffs  impermeable 
to  water,  252 

Veau  de  Launay,  on  an  accident  with  ful¬ 
minating  filver,  203 

Vegetables,  loofe  nomenclature  of,  69.— 
Prize  queftion  relpe&ing  the  fources  of 
carbon  in,  141. — Die  in  azote  for  want 
of  their  proper  ftimulus,  219. — On  the 
mucilaginous  powders  obtained  from 
fome,  as  fubflitutes  for  gum  Arabic,  232 

Vegetation,  on  the  necellity  of  atmofphe- 
rical  oxigen  in  the  procefs  of,  217 

Vibration  injures  the  articulatenefs  of 
found,  284 

W. 

Walker,  Mr.  E.  on  the  apparent  fize  of 
the  horizontal  moon,  164. — Examina¬ 
tion  of  his  theory,  235 

Water,  Prof.  Parrot’s  machine  for  filtering* 
4c. — Its  atflion  on  pepper,  70. — Is  not 
a  folvent  of  frarc’n,  74. — Adtion  of 
aqueous  vapour  on,  90.  —  On  the  puri¬ 
fication  of,  by  filtration,  95. — Maxi¬ 
mum  of  its  denfity,  112. — Compofition 
of,  120, — Enquiry  into  the  a&ion  of 
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galvanifmon,  179, — Cannot  be  made  to 
boil  in  a  fpoon  blackened  with  the  fmoke, 
202. — Is  not  heated  in  the  flame  of  a 
candle,  203.-— A  cylindrical  pit  of,  in  a 
mafs  of  ice,  207. — Experiments  on  its 
decompofition  by  different  galvanic  ar¬ 
rangements,  243.— Compofition  of  a 
liquor  for  rendering  fluffs  impermeable 
to,  25a 

Watt,  Mr.  45,48,  215 
Weather,  moft  favourable  for  the  labour 
of  bees,  187 
Wedgewood,  Mr.  99 
Werner,  30 

Wheel  kept  in  perpetual  motion  by  a  ma¬ 
rine  barometer,  212 
Wheel  carriages,  defeription  of  an  appara¬ 
tus  for  locking,  177 

Wilkinfon,  C.  Efq.  ongalvanifm  and  elec¬ 
tricity,  275.— On  the  laws  of  galva- 
nifm,  240 

Willis,  Mr.  T.  on  the  mucilaginous  matter 
of  certain  vegetables  and  their  ufe  as  a 
fubftitute  for  gum  Arabic,  232 


Wilfon,  Rev.  J.  on  fome  uncommon  ef¬ 
fects  of  lightning,  1 

— -  Mr.  W.  defeription  and  drawing 

of  his  compound  eledtrical  condenfer  and 
doubler,  19 

Winter  fleep  of  animals,  prize  queftion  re- 
fpedting,  141 

W.  N.  on  fairy  rings,  4. — On  the  power 
of  a  firft  mover,  278  (note). 

Wollafton,  Dr.  139,  140,  176 
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Y. 

1 

Young,  Dr.  his  experiments  and  calcula¬ 
tions  relative  to  phyflcal  optics,  63,  130. 
—On  a  new  moving  ftar,  112.— On  the 
maximum  of  denfity  in  water,  ib. — On 
the  elafticity  of  bodies,  113. — Remarks 
on  the  colours  of  natural  bodies,  139 

Z. 

Zinc,  fufpenfion  of  in  hidrogen,  24.--- 
On  the  latent  heat  of,  45. 
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ERRATUM. 

In  Plate  XII.  Fig.  3,  by  an  omiffion  in  the  defign,  the  lower  ruler  has  not  the  fame 
connexion  with  the  frame  as  the  upper.  Itmuft  be  joined  by  prolonging  the  rod  from 
the  left  hand  angle,  and  adding  a  rod  from  thence  to  the  bar  upon  the  ruler  j  as  is  feen 
above, 
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